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Service is now available in all 


active areas...through the leading 
service organizations listed below. 


The Baker Model “D” Retainer Production Packer (Prox 
415-D) recently was termed the “Universal-Type” Pach 
ticle by an eminent engineer-author. The many advant 


Baker Retainer Production Packer, for single-zone or mult 


production installations are described and illustrated in the BAKER 


{or Composite ) CATALOG, and in a new 84-page brochur 


from any Baker office or re presentative. Operators who n 
fate toruna packer on tubing, however, can now run this “Uni 
Packer easily and quickly on a wire line, for setting at any 
The Baker Model “K” Retainer Bridge Plug (Product 
400-D) is furnished made either of drillable Cast Iron (wh 
permanent bridge plug is required) or of Magnesium Alloy (1 
@ temporary bridge plug )—and cither type provides a succ 
pack-off at all depths, under high temperatures and pre 
It Is not necessary to place cement or other materials on top 
the Baker Wire Line Bridge Plug to secure a Positive 
proof seal which permanently prevents movement of fl 


@ vas either up or down the hok 
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—— Cad - rnp eErT 
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a st ~ 
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Safe, Positive Operation 
Saves Time and Money 


nd setting a Baker Retainer Production Packer, or a Baker 
on a wire line provides these important advantages in 


comparison with running on drill pipe or tubing 


(a) Costly * time saved, and wear and tear on tubular goods and 
rg equipment is ein nated 
(b) There is k hood of premature setting 
(¢) The of an ¢ trical conductor cable, equipped with a device 
| etting of the Packer or Bridge Plug in the 
t at the jornt 
» be gun-perforated in conjunction with the 
setting of a Baker tainer Bridge Plug or a Baker Packer, only one 
set-t p ‘is ree re ’ } vice company 
(e) More uniform sett i cured than when an upstrain on the 
tub) wt 


Successful setting of the Baker Production Packer or the Baker 


Wire Line Bridge Plug is accomplished by employing a Baker 


Wire Line Pressure Setting Assembly in which products of 

ibustion (whose rate of burning is retarded) are utilized 

gradual development of pressure as a controlled 

motive force. This force actuates the Setting Assembly 

which sets and packs-off the Packer or Bridge Plug. The 
Setting Assembly is then removed from the hole 


BAKER OTL TOOLS, INC. 


Baker 
Houston « Los Angeles * New York 


Model “K” 
Retainer 
Bridge Plug 


McCULLOUGH TOOL CO., California, Colorado, Illinois, Kansas, 


Louisiana, Mississippi, Montana, New Mexico, Oklahoma, Texas, Wyoming 


PERFORATING GUNS ATLAS CORP., 


Arkansas, Louisiana, Mississippi, New Mexico, Oklahoma, Texas, Canada 


SCHLUMBERGER WELL SURVEYING CORP., Arkansas, Illinois, 


Kansas, Louisiana, Michigan, Mississippi, Oklahoma, Texas, West Virginia 


SPARTAN TOOL AND SERVICE CO., Louisiana, Oklahoma, Texas 
WELEX JET SERVICES, INC., Oklahoma, Texas 
THE WESTERN COMPANY, New Mexico, Texas 





how do y | 


Service itself is intangible. When you buy an oil results come from trajhed men, proved tech- 
field service, you buy only expected results. But ques, good equipment aml long experience. We 
you don’t see the results until after the service | vell are proud of our ¥eputation for reliability. 
bought and performed. So how do you buy good e worked hard to get ita .. and we'll work hard 


service . service that gives results? keep it. We kn that ’ are what you want. 


You buy facilities ... the means of performing the 
service. No service can be better than the men and 
machines that render it. Dowell engineers are thor- 
oughly trained. Continuing research provides ever 


better techniques. And Dowell equipment is de- ELL SERVICES: 
} } 7 Ta * wrre 5 

signed and made by Dowell to do the job right. lastie ¢ Electric Pilot 

cal Seale Removal 

j for e rience . <ce . 

You buy experience . . . for experience is an esset at exchange equipment. 


tial ingredient in obtaining good results. For eighteen 
ELT PRODUCTS 


years, Dowell has been accumulating experience bagi 
e Paraffin Solvents 


in nearly every oil field, on nearly every type Ne sg , 
s > nodes tor corrosion contro 
problem. Dowell Services were developed in the Bulk Inbibited Acid 

ulk Inhibited Aci 
field to help solve customers’ problems, and these 


services are being constantly improved. 


You buy reliability . . . for a reputation for reliability 
comes only after a long record of good results. And 


DOWELL INCORPORATED 
rULSA 3, OKLAHOMA 
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Editorial OC siialisik — 


THE TECHNICAL MAN'S ROLE AS INTERPRETER 


By E. F. Bullard 


President 


pee a generation, our nation has been in the | 
greatest technological revolution the world ha 
Che immense industrial machine that we have built 
been the work of our technial men -— our engineers 
ists. physicists, scientists. Working as a team with the 
has been the highest 


and financier, the result 


living ever achieved by man 

The evidence of our society's abundance is all 
in spite of this overwhelming evidence, the econot 
which has made it possible is under serious attack 
are made that big business is monopolistic. that rperations 
make too much profit, that business is squeezing the consumer 
by setting prices that are too high. Though these charges and 


others like lack 


only one result 


them factual basis, continued attrit 


have permanent injury to the 
has made our abundance possible 
whic 


Whatever the causes for the dilemma ir 


prise finds itself, it is an unpleasant fact that the 
public has many misconceptions about our econom 
This fact has given rise to the frequent statement 


a nation of “economic illiterates.” 


Among the more widely held misconceptions about 
is the belief that industry is making excessive profit 
ing to authoritative studies of public opinion the ay 
son guesses that industry makes 25 per cent prof 
cates he considers 10 per cent to be a “fair” return 
ter of record, the U. S. Department of Commerce reports that 


industry has made an average of 6.2 per cent i e last two 


years, and about 5 per cent over the previous 10-year period 


\lso widespread is the feeling that “prices are oh 
Reflecting this opinion is the recent Congressior 
of an investigation of gasoline prices. The petrole 
well knows that the overall trend of gasoline price 
the last 30 years has been downward while gasoline taxe 
risen spectacularly. Nevertheless, the misconcept 


naturally high gasoline persists 


i only conclusion that can be drawn fron 
examples is that the public as a whole does 
stand how our system operates: nor does it know 
and social conditions are necessary to keey 
Mistaken 
helds can exist only in an atmosphere of misinf 


As Harold E. Stassen state 


undersold 


nomic 


in good running order. beliefs such a 


no information at all 


capitalism “is the most economir 
history 
It seems apparent that one of the most important 


try faces today involves neither a technical nor 
The problem is, instead, a social one. We 
We must see that the 


and understands the principles and facts about 


problem 
pret business to the public 


I know of no more logical person to do th 
pretation than the technical man. He knows the 


she uld be one of the best equipped to gauge 
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Stanolind Oil and Gas Co 


m socrety As a ponsible are hitect ot our 


mass production system, he must also accept the companion 


re sponsibility ot 


interpreting his work to those outside his 
profession 

our engineers and scientists have not always 
One of the important factors in 
s undoubtedly the fact that 


technical men have left to someone else the interpretation of 


Unfortunately 
swecepted this responsibility 
illiteracy” 


the nations economnm 


the system thev have helped to create. Too large a number 

have been satished to stay within the narrow confines of their 
of the slide rule. drafting board, and laboratory 

ces of narrew technicalism are all too plain 

was technologically one of the 

world. But its 

engineers ostrich-like 


national and world affairs. Dr 


war C-ermany. tor instance 


idvanced nations in the scientists and 


mists and chose an attitude when 


came to community Penrose 
S. Albright. head of the department of physics at the Univer 
sity of Wichita 


rise of the Nazi party 


contacted many German scientists during the 
He quoted many in the almost identical 
l have nothing to do 


is a dirty business; 


that te the politicians.” 


statement, “Politics 


vitth pe litics I leave 


apa THER our nation would, even in extremity, follow a 

course similar to that of Nazi Germany is something that 
doubtful 
and we should heed it 


innot be answered. It is strongly However, the 


warning is there 

lo take his active part as a citizen in community and na 

ional affairs, the technical man should be skilled, not only 
field 


mplications of his 


own but should be equipped to understand the 
work. He should make it his duty 
ww and analyze the weaknesses and strengths of busi 

ind to offer constructive improvements if they are neces 
ary This should 


nvestment, the role of profits, the part competition plays. Fur 


neans he know the function of capital 
hould be able to express himself clearly, either 


n speech se that any person with a minimum 
inderstand him 


a back 


progressive 


few of our technical men have such 
While the 


excessive specialization, our 


training trend in some 


« ollege 


iwayv tron 


offer the technical 
himself 


himself to broaden his knowledge in such sub 


la still student too little opportu 


broaden Therefore, the technical man must 


ory, economi sociology, political science and 
background in 


effect’ of his 


Certainly he needs this broad 


apply or understand the 


operly 
ow long overdue for the technical man to be 

onomic and social thinking as he is in his 

“Cience 

inderstand the system. He must make up his 

many problems facing the country 

of his beliefs 


be. To deserve the respect which the public 


urgent 


must be active in support 


innet in good conscience do otherwise. * 
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MUD FLOW THROUGH OIL FIELD 
DIAMOND CORE BITS 


By Burton J. Westman 


Koebe!l Diamond Too! Co 


wi 0 rosion are eas pparent when examinis 
Le uf to tl 


im use and is sometimes possible alter le J r | i or or less 
volume enough to arrest further erosion without affecting ‘ riame t loads results I 
condition of the hole. 1} this not possible subsequent | i l it ne contact with 
must have provistons made t t greater volume of Nuid ! t I 4 ct re hock that 
are must be taken in altering the fluid passages, because ia i t : crow! 
tendency then is for most of the fluid to go through 
passages instead of around the liamonds This in 
danger of burning: u al p ents the cuttings 
ejected ethcrently, which decreases both t wer Early Bits Failed 


tion speed and the life of t = et xe 


This excerpt was taken fro article entitled 


damage 


Lise Diamond Bit in Dee; 1 prepared nader the ¥ King erases | 


lamonds 
auspices of the Toolmakers ' search Comn 
Tndustrial Diamond Nason on America Live am 
publi hed in The Petroleu ! er, September, 1948 
general subject of this paper 1 eem to sharply dig 
from that statement burt it result of exter 
inte fluid erosion of oil held md core bits du 
Beven months that has ous out much evi 
Weighs against the gene t ontamed 10 
Prxcerpt Some © hiamner contamed 
Soward a new con yg co bit design 
She fluid « ipacity ‘ t it. Most of the 
based on extensive field | ind detailed exat 
Worn core bit The results | ve added to the moment 
Bnvestization inte new core le ns to permit hig 
We lure without excessive elon vy across the tace of the 
an order to reduce the bit boun ind diamond damage 

Oil held core bit des been numerou ind 
Were ipparently hore tive i ippearance thar per 
Bnee. The main object is to | t sufheient diamond 
> arranged as te cover ! in rotation and cre 
equal scraping action on the ro« k surface In that eacl 
mond acts as a small drag, a diamond bit can be considers 
multiple drag bit with adequate spacing of fluid channel 
te remove the rock fragment heared trom the ftormat 
being cut and to appropriately dissipate the hi 


heat that is generated during the cutting action 


rh triectional 


Plain water has long been accepted as the best diamond 
coolant but in oil field practice. however, the drilling flui 
has to serve several functions therefore properly compounded 
muds are used. But generally the required mud volume « , ‘ ~ ineerta | led 


bounded 
culated is usually much greater than is necessary to flu ‘form 
given diamond bit. Oftentimes the high velume required 

many deep wells precluded diamond coring as usually 
ticed due to low ¢ apacity bit that were designed to p 
mud volume to ', the well requirements. High mud y 
ume therefore necessary but to exceed the core head « 
itv results in bit bounce that very damaging to the diar 
This bit boune is possibly due te a pisten effect of the 


in the « " combine with harmonic pipe hort 
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Arkansas-Louisiana-Texas area, has shown that lia i in contact with the reck along which 
circulation capacity eliminated bit bounce, incre ' the coolant cant res he rate of wear, then, should de 


tration rates, and prelonged bit life with attending dec: ' i upon the resistance to shear of the rock being cut. How 


in diamond consumption. The resulting increase fi ‘ \ considerable mechanical wear on diamonds is due to 


eliminated the usual terrific velocities between | f ud il down over cuttings, core left on bottom and, more 
the inner bit gauge where but a minimum of mu 1 1, to essive bit bounce which is evidenced in softer 


and diverted the fluid to an area where it is most é t rocks ted or spiraied cores. Mechanical wear also results 


now appears that a better fluid efhiciency seems © be ron i ough broken rock or very heterogeneous for 


2.500 ft per minute across the bit crown: below , 0 ! to some extent, regrinding cuttings and abrasive 
even soft matrix has little or no tendency t 

velocities upwards of 6,000 ft per minute hay | 

effect on matrix erosion and diamond damage hit Migh-Clearance Bits 

bounce. Increasing the fluid area and the fluid t t " clearance bits has shown that diamend 
maintaining a low velocity past the bit crow é wear can be minimized along the crown and inside gauge 


penetration rate in all formations, especially | he | me nical damage to the outer gauge diamonds 


| 


action of the ports also keeps the cutting face t ue to trips will continue but this damage in recent months 


is believed that this action in shale accounts [ t been nil. Another important function of high-clearance bits 
rapid penetration. Ten to 20 minutes per toot u t ’ culate out rather large pieces of junk, cuttings, and 
common apparently due to elimination of ballir ' t have wrecked many bits in the past. Although 


the core bit crown operators have become very “junk conscious” and have learned 


clean up a hole prior to coring very thoroughly, infrequent 
Channel Spacing ink damage to the bits continues due to junk that occasionally 


: s from the walls between coring trips. To prevent this 
The most noticeable effect of diverting almost , iltiple pole magnetic junk retriever plug is 
mud through deep, closely spaced channels . , | yped to pick up junk which cannot be circulated 
reduced rock abrasion and fluid erosion of the ma is a “rabbit” which is to protrude beyond 
the diamonds. Probably the reason for this is t junk during the pre-coring circulation 
closely spaced channels, the solid content or cut core up into the inner barrel This pl ig 
mud that traverse the diamond studded matrix ning when the core barrel is emptied lhis 
i minimum and thus can be ejected efficiently ntended only for the very large junk and 
pressure drop along those divisions of the crow! mtn pak: dk sei Sik dead ek onied 
channels causes the mud to flow in a path oppo past a high clearance bit. It cannot 
tion of rotation, A short traverse to prevent pack trap junk which is pumped down to the bit 
tings between the diamonds and the attending mat where the swivel bearings broke up com 
therefore is essential. In the field, the faster penet washed out during coring with no damage 
obtained in almost every formation have show: 


closely spaced channels have brought about 
° , nt function of the high clearance bit is to 
sludging” or flushing of the bit crown. In addit 
; fragments that formerly packed in the inner 
this period. only one b't was burned out and that 
bit crown, This packing or wedging action 
nadequate circulation due to pump failure 
core recovery prot edure as practiced in the 
| , trate t of co im é ort . 
The penetration rate ieaaints » any for nethod wherein large fragments of hard rock 
pends upon two important factors: proper b the flow line so as to be pumped down 
Ty ) ~pee y ot o pee he 
rotational pec 1. High " ev val peed oy = between the core and the core bit t 
oli iipment s oba ; c% due . 
retary equipment is pre I ; impract . coming off bottom. This wedging action 
ibrations i ‘velo ( are exceedit y 
vibrations that develop which are exceedin itions in that it tends to break up the core 
the outside gauge diamonds. Proper bit weight 
' k , directly responsible for core jamming 
cult to maintain in sedimentary rocks © nits igments temporarily lock the core to the 


cal characteristics. Diamonds penetrate by be 


erratic pipe torque which drops to normal when 
the reck but. on rotat on, the reck’s resistance t 


: e crushed small enough to wash out past the 
} ly vely “ 0 vivel , | i 
the bit weight so that for any given rock t of fragments has also been known to block 
Is dependent upon the shear strength of that 1 h I J . f " : 
ny ; , | mud channels and cause partial burning 
- edo ” Mm = “ ” ~ ‘ - ot con 
peed of rotation " “ Ise ae a at high mud clearance tends to elimi 
equired to oppose the pic » action of the dr 
required ppose the } up action of th ihsequent core jamming has been 
ether mechanical factors. High bit weight nerease in the average footage mad 
im se i average footage made 
low-strength, abrasive reck, result in packing re footage obtained per trip was rather 
rock abrasion of the matrix between the diam« now expected. Other factors, however 
s no 7 or fe “ eve 
toward the trailing areas of a crown that has 
I agpthy iter p : is a re-designed core catcher that per 
spaced mud « rea requently - format ‘ } reul , rough the pin type bits and a recently 
idequate or close é — 1 radial channel coming off bottom when coring time goe 
, nter-formatio 6 ne ns . 
an in rmationa ale parting, core ve ssure, then resuming coring. Many 


ontinued, either burn out the crown or it 
heen overcome where formerly the 


sudden cooling. Occasionally cracking and 


make a trip. 


REFERENCES 
he |. Due to its abrasion resistance and ind | nald t Electric Worm Drills for Black Gold 
over any other substance. the only wear shou ' Seu ( s, October, 1948 


tion of the crown matrix takes place 


Under normal operating conditions, d 


which probably results from high frictiona . t and ond it etal Cutting Data. ASME August 
microescopi spalling plus oxidation on t of _ a 
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LIME CONTENT OF DRILLING MUD=—CALCULATION METHOD 


M. D. NELSON AND T. E. WATKINS, MAGNOLIA PETROLEUM CO., DALLAS, TEXAS 


\ method of determining the lime content of drilling 
proposed by Battle and Chaney*® has been examined bi 
the Field Research Laboratori f Magnolia Petroleu 
and in field drilling operatio This proposed anal 
method is condensed as follov litrate one ml of mud 
one ml of mud filtrate ch 0.02 N HSO,. to the 
point with phe nolphth ilein e volume of acid in ml req 
for the mud titration is reco las P, and that of the 
hitrate titration as P,. Cal ition of tl me bbl 


is accomplished by use 


Ib lime bbl mud { P 0.6 


j 


The inalytical procedure res by Batth indi ( 
Was found to be quite sat ory when reasonable pre 
Zions are used in mud samp technique. Cals 
Boncentration by the method 
fon however, has given fue hat 
per cent trom the know! ‘ t 
Bigh or low Lds concentrat Fig. 1 Nomographic Solution of pounds of lime per bbl 
0.26 CP F,P,) 
of a formula, tb md 
Based on chemical equivalents+ of acid require 
Both laboratory and field data have been satis 
lated with the known amount t lime pre-ent 
thi- formula a correction, | r volume fractrot 
th: mud. is made for the solid content of the mud. P 
Have the same significance a the Battle and Chaney 
thon Table | hows typical data emploeving both formula 
@leculating the lime content « ous lime muds 


This supe ted proced ire lime which 
i the mud. The solubility « me im water, norn I 
GS lb per bbl, is greatly decreased by the addition of causti 
@da. and, in a lime mud t prot ible that the concentrat lable I 
of dissolved lime is of the order of 0.1 Ib per bbl Such a Caleulation of the Lime Content of Various Muds 


amount of lime can be ignored t is within the rar Using Two Formulae 


of the method 


\ nomegr iph tor the raph determinatior 
tent by this method is she g. 1. In the 
this nomograph, tt was assumed that weighted 
+ volume per cent af lig 
iverage composition of ! ‘ of lime muds 
the specih 


tleulated 
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Lagniafphe AWAITS THE MMENBERSHP MEW ORLEANS 


A PROFITABLE FALL MEETING IS PROMISED THE BRANCH AS MORE THAN 35 PAPERS ARE 
BEING READIED FOR PRESENTATION OCTOBER 4-6 


Arriving the other day in the usual towering 
spondence directed daily at the Branch Office 
velope postmarked from New Orleans, a m 
neommonly popular these days among mem! 
of the Branch Fall Meeting to be held there Oct 
letter was particularly inviting because of its 
over feeling perhaps from the days when 
rrived in similar packets 

At any rate, the correspondence came in 
ef Fred E. Simmons. Jr. chairman of the 
Delta Section. Fred was eager A ppende ite 
to the Branch Secretary was another comn 
addressed to the entire membership. The 
“Mv Dear Fellow Members “ What followe 
ful piece of writing expounding the virtues 
Queen City” from its early plantation days 
port city which it is teday. Fred compared 
plantation slave who in the olden days was 
delicately penned invitations” some weeks pr 


igant function to scour the countryside and spr 


le asked that we pass this along so let him cont 


| 
“['m going to take the place of (that slay 
ill an ‘invite’ from the Delta Section to att npredictable governing factors for a suc 


Meeting of the Petroleum Branch in New Orle ial aia red went to @ common source. He continues 
learned by readin’ and ritin’ 'm going to ge 

igniappe (a little something extra for nothir t VG ivs that Mars will be in conjunetion 
tell vou a little about the entertainment and Ne eat l on oF tober 4, that we can expect thunder 


q : tor or ctobe ind that the Mormons ceased polygamy 


Fred then drifts into quite a piece abo 


| expect that the most important thing 
ind its selling points. He writes of the efforts ! I . 


t the weather should be pretty good about 
Duzee and Aime Claudet in lining up a palatab 
* i Meeting will be underway, even though we 
tainment (including a “Quarter” show) 


inv event, vou will probably find 
the membership will be protected against the 


of ticker Sen conceted tm: the Vieux. Cac H clothing will afford you the most 
great detail about “side trips” to Merida, Yucat 

airways for a study of the Mayan ruins and ex ons t t wit! ist of sights to be seen in New 
Havana, Honduras, the Gulf Coast of Missi ori ‘ proper, su Chalmette. the Napoleon House 
etc. These attractions he offers, happily, asp. ee y at tte bla ' shop and the variety of architecture 
tractions not to interfere with the all-important nica lating t { distri of the city. Delta Section mem 
essions ef iim that a person can begin in the Vieux Carré, move 
1 follow the stages of New Orleans 





in architecture 

\ large number of hotel rooms has been 
Petroleum Branch members planning to attend t! re . c bunigue 
Fall Meeting in New Orleans. However, in order to be tit f pe ral rejoicing” when the membership convenes 


with the idea that there will be 


| of getting a reservation, vou should make yvour requ New eat ' il] just as there was during special 
one now. Blanks were provided in the Mar 
Perroteum Tecunorocy. If vou still have them 
If not. mail your reservations to H. EF. Lowrey. chairs ! ul eit ¢ or its hearty work in preparation for 
the Housing Committee. 519 Whitney Bldg N 8 he B | eeting. Meanwhile, a strong agenda of 
12, La 


All of which calls for a note of thanks 


prepared and approved for delivery 
In your letter (or on the prepared form referr ib me 35 paper ich have already been accepted, are 
state your choice of twin or double room ippro 
of arrival and departure in New Orleans, yo 
three hotels and your name and address 


m. Everything points to an even 

eting than was held last year 

* . * 

You may choose from the following hotel 

headquarters), St. Charles, De Soto, Monteleon: 

New Orleans and Jung. Remember, dates of the |} 
are October 4-6. Avoid congestion. Be sure of 


tion. Mail it in now (ton 
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PACIFIC TECHNOLOGY GROUP 





Well Spacing and Water Flooding 


The = ond 
AIME series on secondary recovery was 
Yuster of UCLA May 22 


at the General Petroleum auditorium in 


lecture of the current 


given by S. T 
Los Angeles Yuster continued his dis 
cussion of secondary recovery which he 
had commenced at the meeting held in 


April 


were well spacing and some of the criti 


The principal subjects discussed 


cal problems encountered in water 


flooding 


With regard to well spacing, the fa 
for. presented were development costs 
operating costs and recovery time 
Wwhich factors are controlled by pres 
Bure. permeability viscosity of fluids 
effective well radius, recover per acre 
nd pressure gradients within the reser 


oir Yuster 


Dreak-even spacing, which was 


formula for 
defined 
Bs that well spacing which would result 
jn complete return of the cost of the 
Water flooding project but would vield 
Bo profit, An analysis of this type of 
iluating the 


presente da 


Spacing is valuable in ev 
Susceptibility of a 
Water flooding. Well spacing was also 
Gonsidered as a function of the time 
complete the flooding project. The 
development costs included thore of 
few wells, of rehabilitating old wells 
@nd of converting producing wells to 
Bjection wells Operating 

Guded the cost of producing 

and pressuring water for inye 


ting costs 


In this 


that. alth nugh the amount of water re 


given oil held to 


} 


regard, it has bee found 


quired over the life of the flood varies 
greatly in different fields, an average of 
15 bbl of water injected to each bbl of 
oil recovered over the life of the flood 
ing project is a reasonable estimate 
Lifting costs are a function of volume 
of fluid to be pumped and depth from 
which it must be lifted. Experience in 
various fhelds indicates that an average 
f water produced for each 
recovered is a reasor 
timate but this factor may 
widely. In determining spa 
tribut ng tactors are expre 
of spacing and the result 
solved fer the distance between in 
jection wells, In practice 1 pre deter 


mined life of the project iter t 
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By Milan G. Arthur 


lected and the sp gradients earlier initial productior 


solved for the spac water commenced 


complete the projec t t ¢ Therefore. it would seem that exce 


time sole ¥ 
With regard ts 
encountered in water flood Y uste rroducing 


discussed the effects re ve { operation 


igh pressures would result in 
irlvy increase in water out of the 
wells and an increase in cost 


With 


pointed out that some 


regurd to field ex 


pressure gradient inisotroy f the rien it was 
sands injection of ga pri wale ind v ct have bee n subje ted t ex 
flooding, use of surface w infiltration of water have 
the injection water condition described as water 
ery. high oil viscosit ind heter ne ’ n V rein the oil saturation is 
itv of the reservoir } ‘ tit 1 hi i the sands have not been 

flooded. It is believed that 


ittempts to 


With regard to 
Yuster 


theoretical anal 


fer failure of 
gradients 7 ; 
sands is due to the fact that 
iity of the oil phase has been 


ments of fluid ! 

; the ihitration of water at 
ent diameters. By ~ . 
rales heretor t woul 
force developed t ile t r 


uille’s 


tubes, it was demonstrate 


it there some practh al lower 


formula for 
pressure gradients « mployed 


which is the 
different 


id. can often be ex 


lecitvy of movement of fluid ler cat tropy of the sand 


llary forces is proport permeability in 


ameter of the capillarie 


velocity is not greater ondition can be evalu 
laries as is frequent pre ed " she dt considered in deter 
would indicate that ver ivna ) } | spacing pattern 
ically water wet sands we 1 é that water m various injection 


creased by employin will reach the producing wells at 


ents low enoug we will u nge t ime time and therefore 


ot capillary pre sweep efficiency 
investigatior 

it was found of injection of 
studied, that g water injection 
ultimate reco presumed that where 
pressure tting phase then impection 


cms 
fy: 


PRE-MEETING DISCUSSION at the Pacific Technology Group's recent dinner 
finds, L to R, Hugh W. McClellan, Wayne E. Glenn, R. M. Smith, Paul Hamann, 
all of Continental Oil Co.. and Randolph Smith of Seaboard Oil Co. exchanging 
view points 
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of another non-wetting phase, such as 
gas, will increase the recovery of the 
oil. It can be anticipated that the maxi 
mum amount of additional oil recovered 
will be equal to the volume occupied by 
the gas at equilibrium saturation. Equi 
librium saturation is that below which 
the gas will not flow through the sand 
The existence of gas saturation may 
greatly increase the recovery of oil 
over that recovery where free gas is not 
present 

The use of surface active agents has 
frequently been considered. In general 
it has been found that they are very 
effe tive in increasing recovery of oil 
but that their cost makes the use of 
them prohibitive. A promising possi 
bility in this regard is the use of some 
low cost chemicals which react with 
constituents of the crude oil and there 
by reduce interfacial tension between 


the fluids and increase recovery. One 


of the important problems is to preve 


such chen ls from being absorbed 


‘ 
the mine surfaces and thereby pre 


vented fr reacting at the locatior 


the oil-water interface. A most promis 


} 
bilit 


ing possibility 


of certau 


would be the injection 


cheap residue gases whicl 


might react with constituents of the vil 


to achieve the desired results. Since 


these gase would be 4 non-wetting 


ild pre bablyv be dispersed 


reservoir without abso 


phase 
throug 
faces 


tion on the mineral surf 


of water fleodi 


ana 
from 
reduce 
The problem of heterogeneo 
meal generally solved | 


tive »] r g corrective shoo 


NORTH TEXAS SECTION 





Geophysical 


Frank Mortlock, 
visor of the West 
Gulf Research and 
discussed the general theories involved 


geophysical super 
Texas Division of 
Development Co. 
in geophysical prospecting for oil 
bearing structures before a group of 
some 40 members and visitors at the 
North Texas Section’s May meeting in 
Fort Worth 

Herb A. Koch introduced Mortlock 
ind a summary of his talk follows. 

The geophysist. as the name implies. 
is a person who applies the science of 
geology and physics. In doing this the 
geophysist measures any of the earth’s 
physical properties available at or near 
the surface of the ground and attempts 
to interpret these findings in a way that 
knowledge may be gained of the forma 
tions at greater depths. The physical 
measurements ordinarily made are hy 
drocarbon gas content of surface waters 
and soils, the earth’s magnetic field. the 
earth's gravitational field, the electrical 
conductivity and resistivity of the sur 
face rocks, and the elastic properties of 
the underlying sedimentary rocks. The 
measuring of these quantities and the 
interpreting of their meaning is geo 
physic Ss 

When prospecting for oil, the geo 
physist endeavors to locate anticlines 
faults, and 


salt domes stratographi« 
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By Kenneth F. Anderson 


traps 

panies 

methods tf geophy 
itv, ar mograph 
gravity 
recont ince work 
ireas cal covered quick 


methods 


mining 
geophysics based 
upon ff occurring the 
earth « met fields The gravity 
method has been in use for about 
28 vears was the first geophysu il meth 
ed successfully 

fields. The first 

thi method w 
the Louisiana 


so-called 


man design 


ng a 
i! irtih 


energ 


hones place 


the explo 


petrole im 
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sands which are susceptible to shatter 


ing, delayed drilling, and isolation of 
certain sand intervals by multiple and 
With regard to 


corrective shooting in sands that do not 


~elective completions 


normally respond satisfactorily to such 
treatment, the possibility was suggested 
of first consolidating these sands with 
some material such as plastic and sub 
sequently shooting with nitroglycerin to 
increase the effective well radius. An 
increase in effective well radius permits 
wider well spacing and reductien of 
costs 

In conclusion, C. R. Dodson, chair 
man of this lecture series, announced 
that the next lecture was to be given on 
June 26. At that time, R. V. Hughes 
of the Stanford Research Institute was 
to discuss phases of secondary recovery 
neluding the effects of clays occurring 
n the oil sands, pore size distributions 
ind the applic ation of laboratory in 
estigations to field performance. * * 


Prospecting for Oil 


1925. This first success was made lo 
cating salt domes in the Gulf Coast 
area. In 1928, three years after the suc 
cessful use of the refraction method 
the reflection tec hnique was developed. 
In most instances, the reflection method 
is faster 
information. Consequently, at this time 


less expensive, and gives more 


the refraction method is used only in 
areas that do not lend themselves to the 
reflection technique 


Mortlock stated that the ideal proce 
dure is to make an airborne magnetic 
survey of a large virgin area, followed 
by a gravity survey of the most inter 
esting anomaly, and lastly, to go into 
the selected areas with the most de 
tailed tool, the seismograph. Using this 
method, if the conditions are right, it 
s possible to determine with a fair de 
gree of accuracy the folding and warp 
ing of the sedimentary rocks. At best 
however, the probable error may be 
comewhere between 25 and 50 ft 


Today, some 25 years after geophysi 


cal methods of prospecting were intro 
duced to the oil industry 
few wildcat wells located without the 


there are very 


use of some form of geophysics. Geo 
physics is practiced all over the world 
spending perhaps $100,000,000 a year 
on a continental search for the rich 
ources of the petroleum industry. * 
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TECHNICAL CONFERENCE 





West Coast Students and 
Present Papers at Joint Meeting 


By Paul Newton 


The AIMI student 
University of 
tiated last 
held in 


newest 


Southern il 
month a te eal cont 
Founder Hall. the 
buildis The 


ce signed so that wr 


ence, 
versity « 
ence Was 
undergraduate student 
universities and college 
opportunity to present 
udged by prominent 
industry 

In addition invitatio 


tended and a 


ce pted b 
try to be guests of the 
meeting. Four of the 


The 


three se tor 


papers of their own 
divided into 
ing session devoted to the 
of selected student pay 

sided Sam 1 

UCLA's de partment of pet 
Subject 


limited to 


over by 


matter 
the 


neering 
pets wa 
metallurgy, and petrol 
The 


presented 


“The 


ogy.” by 


ogy 


ogy following student 


Concept 
) ad (, 
David MEMBERS of the 


technical conference 


STUDENT 
at their recent 
the first of its kind held on the 
successive ones annually 


Characteristic of i 
dated Adjacent to 
Liner.” by Barry L. Evar 
Us 


Sand 


Downey 
“Temper Brittle Fracture 
Grant, graduate student 
Marshes 
Reclamation at Ne Wport 
Robert I 
“Influence of Low Temperat 
ing Rates Following Wel 
tility or Are Welds in 
Gordon MeGuire, UCLA 
Studie of Multi 
Permeability in ¢ 
Ori! 
and Harrison L. Ss 


students, US¢ 


“Salt ind 


nia,” by Stevens« 


Some 
tive 
tfornia Sand I 


“A Study of the 
Fluids ¢ 
Hloids of tra 


hillingaria 


ontamimng Cu 


hg 
Organic ( 
Leorge Ts 


dent, US¢ 
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University of 


Industrymen 


amassed 
was 


California 
The conference 


Southern 


for a formal portrait 


West Coast and plans are being made to hold 


nso the Craduate 
n Geology, and A. M. Laurie 


hillingaviar 
Division 


winher 


b and George Te 
the Graduate 
were 


David 


Evans 


iale winners 
Barry | 
petrole im ind 


The 


Downe \ 


met ith rey 


Signal Oil 
chief p 


. ' 
Galf O 
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ILLINOIS BASIN CHAPTER 





Benton Field Project Studied 


Shell Oil Coos Benton treld water 
flood project was the scene of the Ill 
! 


held May 


11, 1950. which consisted of a tour con 


nois Basin Chapter meeting 
ducted by the company officials and an 
More than 
Kentucky 
Illinois 


group 


evening panel discussion 


240 oil men from Indiana, 
Kansas, Oklahoma. 
attended the 


sisted of advance petroleum engineering 


Texas, and 


Cine con 


meeting 
and members of the faculty 
Missouri “« hool oft Mine s and 
Rolla 


students 
from the 
Metallurgy at 
The operation of the Benton project 
Nove m 
was explained by engineers 
in-tall 


demonstrated by sn 


which into service in 


1949 


operators at 


was put 
ber, 
eat h 


and major 


tion and was 


scale models and displays on the var 
ous phases of water treating, water in 
jection, and return fluid treating. It was 
learned by the group that the Benton 
flood is a fully 
ing about 1,900 productive acres 


the 


unitized project cover 


with 
water being injected into Tar 
ervoir at a depth 
pipe 


Springs sandstone re 
of 2.100 ft 
line 
Lake 
the 

field 


through 


1 


eight ncn 
the flood 
re-ervoir on 
the 


\ six-mile 
carries water tor 
Moses to a 
lease located centrally in 
the 


1 treating plant and is condi 


storage 
> 

Rie t 
water 


From this point passe 


tioned by aeration, stabilization, and 
filtration, after 
der about 300 psi to the various central 
metering the field 


which serve the 84 injection wells. Fluid 


which it is pumped un 


points throughout 


from the 120 producing wells in the 


project is returned to a central oil 


treating plant where the oil and water 


are separated with the water being re 


turned to the Rice lease storage reser 


voir. It was also learned that during the 


first five months of operation, approx 


mately 4,000,000 bbl of water were in 


ected into the Tar Springs reservoir 


Pwin Oaks 
a panel dis i 


floods in 


Following a dinner at the 
Club on Lake 
various opera 

Basir Mem 

panel were: Robert Dunn 
Salem, Il 

Parrish, Pure Oil Co., Ol 
M. H. Floed, Ohio Oil Co 

Ind.: W. H. Roe 

Crossville, Hh; J. oR 


Benton 


sion of 


water 


was conducted 


Petroleum Co 


Supe! 
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By Julian Vallette 


the group's June meeting in St 
Lievd FE. Elkins of Stanolind Oil 
ras Co. delivered his talk on res 
“pumper . 
the St 


Executive 


engineering n lan 
Also 
ecting was 
tary Joe B 
the functions 


AIMI 


present at Louis 
Branch 
Alford who outlined briefly 


the 


Secre 


and purposes of 


VIEW OF BENTON WATER FLOOD of the Shell Oil Co. visited by the Illinois 
Basin Chapter membership. At top is the water storage reservoir and at lower 
left is the water treating plant. At left center are the storage tanks for treated 
water and the injection pump station while at the lower right are the salt water 
skim pit, oil dehydrators and boiler plant 


API VOLUME NOW AVAILABLE 


econdary 





recovery operations has been 
the 
in the United States and is 
than 12 


Investigation in 


prepared by leading oil recovery 


juthorities 
re sult al 


more vears oft 


sive study and 


ch some 300 petroleum engineers 
geologists have participated. The 
and 


1 useful reference as well as 


is comprehensive in scope, 
ves as 
guide to the application of methods 


it will insure the maximum economic 


crude oil from under 
Phe oil 
be obtained by application of the 
iethods the book 

in important supplement to the 
the x* 


extraction of 


und reservoirs which 
the 


described in 


ean 
repre 


oleum reserves of nation 
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NEW BRANCH POLICY 
OF PUBLICATION 
publica 
Branch 


poli ’ Su 


The following is the neu 
tions policy of the Petroleum 
Recently approved, the neu 
and disallows the 


practice of other publications 


percedes previous 

n pub 
lishing up to one-third of the volume o 
paper 


The neu policy restricts the re 


a_ technical 
/VE 
publishing of material presen 
Branch to a 


presented to the 


ted to the 
W0-word abstr 

sccepted for presentation at 
Petroleum Branch 
or for publication in the Jour 
shall 
property ot the Petro 
tted shall 
itil for 


\ paper 
a meeting of the 
AIME 
vAL OF Peraoteum Tecunoiocy 
be considered the 
Branch 
he considered to be acce pted 
mally relinquished by the Publications 
of the Branch 


Presentation of a paper at a meeting 


leum Papers subn 


Committee 


does not automatically guarantee pub 
JOURNAL Of 
Publication 


lication of the paper in 


Perroteuom TecHnoiocy 


of an accepted paper in another pert 


odical before it appears in JOURNAL oF 
PeCHNOLOGY will be re 


than 


PETROLEUM 
stricted to an abstract of not more 
100 words 
the paper is specifically released to the 


with no illustrations, unless 


press by the Branch Publications Com 


Chairman or the Executive Sec 


on his behalf 


mittee 
retary 
to publish 
delay 
to the extent of publication before pres 
desirable If 


Every effort will be mace 


papers with 4 minimum ¢ even 


entation, if this appears 


for some reason a member desires re 


lease of his paper for publication in 
another periodical to an extent greater 
than the above mentioned abstract be 
fore it is published in lou RNAL OF Pr 
to the 


Petroleum 


PecHNOLOGY, oF 
that the 


TROLEU™M prior 


time he is notified 


Branch does not wish to exercise its 


right of publication, he should submit 
a written statement to this effect, stat 
ing his reason and the name of the 


periodical in which he desire publi 


to the Executive Secretary of 
Branch Fact uch re 
Publica 
nerits and 


Pub 


ction sobs 


cation 
the Petrole im 
quest will be considered by the 
tions Committee on its owt 
the paper may be released by the 
lications Committee if 
commit 


justified un the 


tee. Right to 


opinior 
publish » paper in 
louRNAL o- Perro HNOLOGY 
may be retained al pt thre 
Publieatix 


JOURNA 


Committee 

publicatic n 
PecHNoLoey 
vest, provided 3 
to AIME and to 


Ltimw PecHunonocy 


SECTION | 


" FRENCH NOMINATED 
BRANCH CHAIRMAN 


Richard W ! t \ raduation and a year with Gen 


nominated tor 
Petroleum Branct 
Committee 


| or the it ‘ “id Continental Oil Co 
ly 


ctric Corp he entered the I » 
adet and served 


1933 he 


as a flying 
nating is a staff officer. I 
French was sele and was suc 
following the t roustaboul, pumper, gang 
B. Carpenter ipressor plant oiler, gas dis 


Mine s 


nated as 


meterman, compressor 


who h 
field engineer. In 
French cypaeestcme 

ame assistant 


: i 
oveum 
troweun Production Department 


operations with juarte = ( i 7 he left Continental to join 


land 


the Branch 


engineer ind assistant 


During 


Ohio 
I I | ident 
the University o ware wit o " life 
n mechanical neerit 19 ' ind API 





KANSAS SECTION 
Humbolt-Chanute Observed 


lined tubin < the 








Some 25 met plastic 
tion participat l. it is lifted by means o ) hy 
the water flow draulic pumps. One of the-e 


boldt-Chanute 
Allen Countic 


emoved for inspection from one of the 


producing wells. It was pointed out that 


pumping is entirely automatic and is not 


Was arranged by afte . 
flecte i when the we ls ire inder wa 
leum engineer 


Mines at 
Also 


some 300 men 


Kansas-Oklal 


rhis rather frequently. as 


Bartlesvi i hae 
st 


ippens 
is on river bottom lands, which 
flooded to a depth 


x~* rf 


partic casionally become 





CORRECTION 


Rupert C. Craze was misquoted 


4 May 


i meeting of the 


report of his talk betore 
Permian Basin Sec 
1 excerpt on Page 22 
] } eT ‘ ' 

Perhap {t ter have read The 
+} ’ and 


depths rat Section 
volumetric 
unsteady state radial 


moments of , — 
ition, the fluid displac 


lectrical in 
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Discussion in writing (3 copies) may be sent to the Editor, Journal 
Dallas 1, Texas, and will be considered for publicat 


1950. Any 31S€ sion 


Discussion will close December 1, 








DISCUSSION OF THIS AND ALL FOLLOWING TECHNICAL PAPERS IS INVITED 
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IMPROVEMENTS IN THE X-RAY SATURATION 
TECHNIQUE OF STUDYING FLUID FLOW 


F. MORGAN, J. M. McDOWELL AND E. C. DOTY, GULF RESEARCH AND DEVELOPMENT CO., 


PITTSBURGH, PENNSYLVANIA 


ABSTRACT 


Improvements in the X-ray method of measurit 
ration and saturation distribution are presented. Tw 
direct current amplifiers have been added to mea 
ously the intensities of the X-rav tube output a 
which has passed through the core under test. 1 
these intensities is automatically recorded on at 
Electronik Recorder 


the core automatically and in synchronism wit! 


Arrangements have been 


chart se as to give a continuous curve showing 
of liquid saturation along the length of the core 
ing the ratio of the two \-ray beam intensitie- 
the me isurements are made essentially inde pet 
fluctuation in voltage and current supplied t 

mproved technique has been used for investig 
distribution along the length of cores and 

when one fluid Is displace ed by inother ly 


these studies are showr 


INTRODUCTION 


X-ray generator between readings on 
miter introduced errors in the measure 
ided only by further stabilization of 


1 


large number of readings 


1 method and apparatus for recording 


omatically the intensity of the X-ray beam 


i core. The variation of saturation with 
f the core may thus be found, or by 
lriving it in synchronism with the 
tribution may readily be determined 

ous paper, the X-ray method pos 

the weighing technique in relative 
ition in that the core need not be 
for the purpose of making a satura 
irthermore, the actual distribution of 
i that distribution of inflow and out 
gated. And errors due to gas bubbles 
ire frequently sources of error in volu 


determination are avoided 


PRINCIPLE OF THE METHOD 


In a previous publication a method wa 
measuring the oil saturation in cores which wa 
thsorption of X-rays by the fluid content of 
that technique is capable of vielding accurat 
original ipparatus was not espe ially convenient 

w the fluid distribution along the length of a 
primarily due to the slow response of the amy 
vanometer and the necessity of making a point 
{ the material under investigation It was, the 

for sections of the core having a var 


on distributior to escape observat 
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\-ray beam that has passed through ¢ 
expressed by the well known formula 
cod 
} il) 


i the incident beam, 


# the mass absorp 

ity or concentration of absorbing 

igth of path of the beam in the ab 

iries with the wavelength of the 
thserbing material 

rav tube varies in an approximately 

the tube current. but to the second or 

inode voltage Moreover, the quality or 


{ the radiation varies with the voltage 
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Current reguiat 


control the tube 


lators are not re 


tion, as in the ¢ 
it a small ingle 


For the 


greatest 


IMPROVEMENTS 


rs have beer 


current, but entirely 


adily available 
arlier 
to the 


ipparatu 


precision n 


absorption at various saturation 


matic 


qualities If mor 


waves will be 


strongly 


X-rays should be employe 


used that always exactly matches 


e than one 


absorbed 


ibsorber making the fraction of 


of path decrease with the thickness traversed 


however, the use of a 


home 


practi al because of the great lo 


in menochromat 
that for 
core, the error 


of « will be 


moderate 


X-ray 


concentrat 


ng the 


mireduced even i 


small. And further 


made by calibrating the tem 


cells of varving 


In Fig. 1, / 


monitor and test 


passage of X-ray 


thickness hlled 


ind / 


represent 


ionization chambers 


« through the ga 


main beam 


leveloped which 


Conseque ntly 


IN THE X-RAY SATURATION 


satisfactorily 
suitable voltage reg 
im this appli 

i second be am = taker 


ind used as a control 


the measurement of 


homogeneous or monochr 


unless a standard ca 


the unknown in absorptior 


wavelength is present. the lor 


by first sections 


the ene rey 


geneous 


removed pet 
In core stud 
beam ix generall 


in intensity that ts ‘ 


Moreover. tests have 


of tracer materials 


issuming a constant 


corrections may 


with 


absorbers onsi 


ith the test fluid 


the currents 


flowing i 


respectively, due t 


inside the chambers. The 


currents are directly proportional to the X-ray beam inte 


as long as the 


voltages 


ipplied to 


sufhicient to render recombination 


sequently the 


jonization current in chamber | m 


where ind d 
the monitor 
constant tor the 
Intensity of the 
measure of the 
For the test ¢ 


TrApressed a 


I 


Where the 
She absorbing 


ubscr 


beam, are 


incident 


\-rav tube 


current flowing in 


the ce 


ore the 


pt ¢ de 


fluid containit the 


4 and d, are constant, or nearly 


Shey may be 
Also the eflective 


rial in the core 


When the 
uitput voltage i 
voltage. Uhe 


tht the wil oft 


ind the line 
Vioreover. by 
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incorporated in the 


density 


tor 


output 


the 


t 


he tonization chamber 
f the ions negligible. ¢ 
resistance R. duc 


be writter 


nd thickness of 


quantities, and 


wmally ence 


The current / 


ine 


tracer material. 5S 


» for a given core 


constant aft proportio 


mcentration of the tr 


poses equal 
nae per dent 


reduc 
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nbinations of alundum and Berea 


Lucite was used with the Berea 


on on the seale. The three lines 


ror of reading the chart thereby 


sing this liquid to saturate a core 


oO 


wo 
oe ee ee AA 


rmined by the method described 


f tracer fluid corresponding to a 


read from the curve and the devia 
i-log saturation plot determined 


ccorder reading vs. per cent 


ms, the assumption was made 
ore not o cupied by the tracer 
a liquid with a very low 


hypothesis, although convenient, is 


ntensities x 


1 weak absorber in comparison 
show that a semi-log plot of the 
turation of the tracer containing 

i straight line when the defles 

saturation are taken equal to 


m oof the weak absorber and 


DESCRIPTION OF THE APPARATUS 
ind power supply have been used as 
paper However a Westinghouse 
ilator and a Serenson voltage regu 
help stabilize the X-ray output. The 
he apparatus is shown by the photo 
«chematic diagram of the X-ray tube 
hown by Fig. 4. The test core, ¢ can 
Thickness, (ir ches) vw di ! tomate by the motor so that the entire length 
inned in either direction with the X-ray 
FIG. 2— THE VARIATION OF INTENSITY OF A TRANSMITTEL mn e the beam a core is approximately '. in. wide 
BEAM WITH THICKNESS OF AN ABSORBER CONSISTING \< she direct nail : the average value of the saturation will 
AQUEOUS SODIUM IODIDE SOLUTION (CALIBRATION 


CORDER READINGS ARE PLOTTED AS ORDINATE of core. However, the exact posi- 


m ituration may be accurately 
<canned in both direetions 
nbers have parallel plate electrodes as 


Again for a given core section and test fluid 
plates in both chambers are one inch 


mav be treated as constants. Then ‘ta? i oimianihaie <4 len ome inch. te lemeths fustns 


1 


ind a plot of the logarithm of the recorder 


t} 


the core saturation should be a straight line 
which is readily determined from the recorder 
both the dry and saturated core. In practice 
plots are generally slightly concave upward ad 
tion of absorption of the tracer fluid with wa 
ever, if the concentration of tracer is low an 
<orber is selected which approximately match 
in its absorbing qualities, the deviation from | 
-mall 

Equation (12) may also be applied in det 
porosity of a core. Since the absorption of \-1 
ipon the number of absorbing molecules in the 
on their specific location, cells containing vari« 
of the tracer fluid may be inserted in the pat! 
tlong with the drv core, and the transmissior 
The thickness of tracer liquid that gives the same 
is is found for the saturated and dry core will 


product of the length of path of the \-ra 








ind the porosity ot the core 
In Fig. 2 the recorder reading. whicl 
the ratio of the intensity of the beam that ha i 
the test liquid to the incident beam, is plotte 1 | wlio FIG VIEW OF APPARATUS 
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ad 


eight inches in IC-1 and 16 inch ' 2. The plate 
ire of aluminum, are mounted rass tubes havin 
windows on the ends through which the X-ray 
chambers are filled with Fre« yas to increase the 
and 45 volts is normally applied to the electrode 
higher voltage have shown 1! mprovement i linearit 
only a slight increase in ionization current. Freon gas has be 
used in spite of its comparatively low efficienc because 
its stability, availability and freedom from harmful effe 
The electrodes are insulated from the walls of the chamber 
means of Teflon 
The first stage of each amplifier, consisting of a 959 
tube and grid resistor of 10° or 10° ohms mounted 
shielded can next to the ionization chamber to reduce the ¢ 
capacitance, diminish the leakage paths and minimize pos 
interference from external sources. The other stages 
implifier consist of two 1S5 tubes and a 6J5 output 
amplifiers are entirely battery operated and all 
ire completely shielded X-RAY BEAM PATHS 
As indicated before, the Brown Recorder 
indicating device which records the fraction of th 
amplifier Ne. 1 which is required to balance the 
amplifier No. 2. The signal connected directly 
of the recorder amplifier, the bridge cireuit being « 
entirely. The chart can be driven at the same 
test core or at some multiple peed, if desired 
expanded scale for the curve. Scanning speeds ot 
1 in. and 1's in, per minute have been provided 
The switch indicated in Fig. | is used for 
total output of each DC amplifier directly to the 
order to set the zero adjustments to give zero ou 
when there is no input signal. This is indicate 
recorder pen does not move in either direction. The 


should be adjusted to zet 








5 


—--—--- 


RAT 


PETROLEUM TRANSACT 





F. MORGAN M. McDOWELL AND E. C 


TEST OF RATIO METER 


lo test the amplifiers and, at the same time 


ym oon the suitability of the apparatus for 


ratio of currents of voltages potentials were 


preampliher tube grids by means of potentiomet 
der in the grid 
ild readily be 


na the 


cireuit of amplifier 2 wa 
reduced to zero uw 
number 


decre 


grid of amplifier 
full 


volt ige ratio was 


er registered scale 


As the 


tenths, the recorder pen moved 


on at 


o dritt of the 


i time. Deviations from 
unplifier pero 


the he lipot resistance 


and the 


Per Cent Saturation 


O 
tad 
” 

x 

Oo 
i 
s 
Ee 
=~ 
> 30 
ita 

' 
x< 
~~ 
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| Flow —+— 
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Distance Along Core 


FIG. 6 WATER DISTRIBUTION IN AN ALUNDUM JRE 
A GAS DRIVE. TRACER, SODIUM IODIDE. A DRY 

RATED CORE D. CE SATURATION DISTRIBUTION 
STAGES OF THE DRIVE, F INTENSITY THROUGH CORE 

ING ONE PORE VOLUME OF DISTILLED WATER (THE 
SCALE AT THE RIGHT IS NOT APPLICABLE TO CURVE 
ADDITION OF A THIRD COMPONENT, DISTILLED WATE 
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EXPERIMENTS 


Saturation Distribution During Gas Drive 


i series of experiments on multi 
m of fluid 


it various stages of desaturation 


na core subjected to 


tends to accumulate at the outflow 
apillar v forces or the “end effect 


observed experimentally The new 
effects 


saturation 


ot for demonstrating such 


or the investigation of 


this case if Was considered desir 
re to obtain a picture of the liquid 


ding 


nto 


with the which 
sections. As the 
lirection of scan was approximately 
These 


to obtain better 


experiments 
stated before 


hly ; om dimensions can 


wecessary resolu 


inches long and one 
X ray 


then 


oximmately tour 


ed 


inned im 


inserted in the 
state, It 


its dry was 


aqueous solution consist 
This concentration 


the 


are 


m iodide per liter 


effects have been observed, with 


e action when metal fittings 
necessity for reduc ing the tracer 
of the core at atmospheric 
porosity, as computed from the 
ware 


24.5 


scan 


olution required for saturation 
pares favorably the 
aul of Equation (12). The dry 

f Fig. 6 that there 


with value 


shows are he 


along the central section of 


mn ibsorption observed in, pass 
the other easily be 


ample te may 


core diameter 


in the 
ited core. A slightly greater absorp 
outflow end indicates either that 
the the 
The maximum difference 

is of little 


the 


iturated at ouflow end or 
there 
per cent significance 


ermore, since great accuracy im satu 


net required in this experiment, a 


wn the logarithmic formula has 
Due to the previously mentioned 
wavelength the indicated satura 
than the true values except near 
C.D, and E fellow the 
during progressive desaturation by 
bubbled 
sure of approximately 3° psi 
ure by steps until the differential 
No attempt wa» 


course of 


through water 


i] been 


and 


about 12 psi 
intil equilibrium 
for 


observed in satura 


ssure 


it each pre 
ifter the initiation of gas flow 
iriations were 
ore, Such changes are apparently 
the 


of liquid and gas. In 


d inside core, which are not 


flow traces 
r at the outflow face due to capil 
is the gas 
the 
to the 
that 


evident 


of the 


pressure wis 
tracer mate 
ore preparatory first step 

Curve F distilled 


flushing the sodium iodide solution 


study 


shows 
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THE VARIATION OF TRANSMITTED BEAM INTEN 
DURING A 


mut of the core. Only one pore volume of | 
collected at that stage. but the absorption alread 
nearly to the value expected for a core containing 
ot iodide tracer 
Effect on Fluid Distribution of Sectioning a Core 
\ method has recently been described’ for 
ve permeabilities of short cores in’ whic 
pressed tightly against the test piece on both t 
sutflow ends. All three sections are mounted 
the cores themselves are undercut slightly at the 
in order that leak tight joints may be provided o1 


of the lucite. Pressure taps are inserted at the 
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Per Cent Saturation 


Per Cent Saturation 


THREE SECTION CORE AT VARIOUS STAGES 


hat end effects will be avoided as the 

il purposes behave as a single con 

{ experiments was undertaken with the 

hypothesis that no discontinuitic 
ictions of the cores 


lliliters of water had been flowed 

ous experiments, it was cut 

to inflow and outflow head 

g faces were then undercut 

eve. The three sections were 

ed in a core holder in which considerable 


ipplied parallel to the length of the speci 
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men. With the 


the trace 


cate of the dry 


{ in 
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exception of the 


Fig 


marked increase in 


4 lac k of 


Evidently 


“ect bons 
Trace B 


that for 


are 


tthe 


uniformity 


of th 


joimts the dry scan, shown 


is in all respects nearly an exact dup! 


scan of 


the core 


intensity at 


under the 


core stri 


enpalittetie 


fret equivalent 


ie saturated 


cated, however by 


cavities 


- 
w” 
qa 

= 
wy” 
c 
a 
= 
c 
- 
oO 
4 
' 
x 
os 
oO 
°o 


Rot 


or 


ntensities x 
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RATION BY 
SATURATED 
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bulk 
between 
When the 

drive, peak 


thir 


THE 


CORE 


undivided 


in its original condition. The 
the joints definitely indicate 


ture at these pomt. 


of this experiment, the 


ill respects to a sin 


ilse compares favorably 


piece The junctions may now 


«mall dip 


concentration t 


the 


d scan 


im the 


VARIATION 


tie t 


n the record which 
the tracer ts greater 


ian in the cores themsely 


taken, after the start of a 


curve were present where 


Petar f\ 
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states must be ascribed to a local concentratior ht. G was obtained. The saturation dis 
cess of that in the neighboring segments. Exact wd practically unchanged for 30 minutes 
of these saturations are difficult, if net impossib! ontinued in the same direction. as shown by 


the limited response of the detectors and uncert Hye. pressure 


effective width of the gaps ' btained after sectioning the core can b 


Curve D shows the effect of continuing the ga | ! representative of such sample it appears that 


creased pressure and trace E was taken after g ipillary properties must be expected over 


slowly through the core in the reverse directior of the core face in passing trom the bodys 


about 2.5 milliliters per minute tor 1) minute ce between the sections. How serious thi- 


redistribution of fluid took place under these cor irement of relative permeabilities ha 


ever, when the pressure drop over the core was In many of the experiments there 


about 5 psi the liquid distribution changed rap ible piling up of liquid at the outtlow 


shows the distribution after gas had been flowing owever. if the observed saturation grad 


for three hours, while CG corresponds to 2 ml se f thre t t wer ‘ lowing mixture unequal pressure drops in 


hour. Once gas has collected at the junctions it be encountered. Moreover, at the 


displaced by flowing sodium iodide solution as generally be attained only aiter lon 


curve H. which was made after a large quant onsiderable variation with time will 
iodide solution had flowed through the core at 


t already emphasized are the sharp 


As the next step the ends of the test core w | n add ‘ ture 
flush with the lucite after washing with water eceur at the same location in the core 
Fig. 8 shows the results t € OX] ts. Particularly outstanding in this respect 


6. 7 and 9 These variations were 


was examined as before 
with compressive forces applied to the core ass 
ing from left to right. Since it was evident that core was found, on first scanning 


could not be applied to close the gaps the remair in the average 


ing surfaces were immediately ground flush svi ; : , p 
| Fluid Distribution During Desaturation by 
preparatory to the final phase of the experime: Bsc 3> 
Capillary Pressure Method 


The core sections were next inserted in the 
a compressive force applied that seemed on the ver { the capillary pressure type in which 
ing the lucite. The top left trace of Fig. 9, cor 


the dry core. still shows the discontinuity altho 


re employed, it is generally tacitly 
brium, a discontinuity in saturation will 
so pronounced as before. Curve B is for the liquid between the core and the barrier. While 
The drift of the amplifiers in this case was more onclusion is justified from a theoretical 


and the latter trace appears to be a little too lirect experimental tests of its validity seem 
flow of several pore volumes of sodium iodide Furthermore, the saturation distribution 
tage before equilibrium is established ha 


As the X-ray method of saturation | 


to this type of study experiment were 


to increase the saturation, the flow of nitrogen w 
1 pressure slightly above the displacement pre 
C was obtained shortly thereafter. As before. the al 


X-ravs is least at the junctions of the core sectior w of following the liquid distribution in a 


the existence of a saturation discontinuity and t ituration process 


of more gas at the interface than corresponds to th ‘ t his purpose an alundum core. 9.6 em. in length and 
ratio in other parts of the core. On the basis of expr ys ee meter, having a permeability of 220 md. and 
ments it therefore appears that even by grindin fac woaity of per cent was selected. The core was enclosed 
flush with the encasing lucite the contact cant e mad =, Ne 77 lucite sleeve and mounted in a horizontal 
sufficiently intimate to eliminate entirely all bound ef a el , ' ild be moved parallel to its length by 
The remaining scans of Fig. 9, as well as those canning motor. A spring pressed the core 
illustrate the saturation distribution which ac: ‘ ; ; 7 ’ rrier and Kleenex was used between the 
flow of gas through the core at various pressure gra ; pull . harris ' ire phase continuity. Sodium iodide 
trapping of excessive gas at the junction is evicde ' | d and air the displacement medium 
the examples. After taking curve C, the core wa tin fe uate. i experiments are shown by the recordes 
24 hours with no appreciable change of fluid d itio , Fig. 1). The traces are of somewhat 
indicated by trace D. Neither did the flow of g f t our ch , nin the previous examples due to an increase 
in the reverse direction at a very slow rate ince 

one cm. of Hg.. nor a flow for one and a half bh 

times that gradient change the picture appre ows the dry sean of the core. Whole thi 
by traces FE and F. However, at 11.3 em Hg. pre 


tribution, G, was altered considerably in one | 


iniformity of the core u 1 in the previeu 
ertheles was the best of several that were 

for the saturated core. Her 
To obtain A of Fig. 10 the gas pressure wa t a i le ts gure. the barrier is located at the 
17.9 em. of Hg. for 40 minutes and additional liq ‘ 0 eo . o ponding to the right end on the an 
ered. This time, B, the distribution « hanged wher e wa al . ta wo davs later after the displac ing pres 
shut in with pressure applied for 16 hours. Furthes juid wa ! been gradually increased to 12 em. of mercury and 
produced and curve © obtained after flowing for mut t quid had been collected. The shift of this 
at 22.9 em. of Hg. pressure. In D gas had flows lor U trac rom tl i) saturated scan is too small to be en 
hours at a pressure of 22.0 em. of mereury, whil , t elial was made about an hour after the pres 
was reversed for 30 minutes at 22.5 cm. Hg. It re MW 1 { 2 to 14 em. Trace E followed by 
versed in F for 15 minutes at ipproximately ‘ " if an | . , rease of pressure to 16.6 em 


sure. On stopping the flow after it had continue f { os , the same conditions one day 
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later. A scan taken just before the increase of pressure 
met differ significantly from FE. Traces E and F both indi 
i lower saturation at the ends of the core than at the midd 
The saturation was again recorded, G, after the press 


been increased to 30.5 em. of He. and maintained 


ter 
The pressure was then increased to 39.8 em. and 
later the core was scanne: ving the trace H. I 
traces F and F, G and H show a low value of sat 
ut the barrier end. The satur on, corresponding 
was approximately 26.5 pet ent when compute 
volume of liquid displaced, while the average 
X-ray surve using the sin ‘ bsorption formula 
per cent 

The shutter was not o nh time te cateh 
sean F, while traces G an wa sharp hump at the 
barrier contact which i | the anticipated 
decrease in intensity due t " y sturation in the bar 
itself. A decrease in saturat ipparent at of thie 
diate vieimity of the barrier-core contact pos 


lack of complete ireal ce t betweet the « 


barrier 
DISCUSSION AND CONCLUSIONS 


The adoption of a second nization chaml 
the development of the cuit, followed 
that saturation determit ver iriable | 
ind even from one time t other during the 
tw change in the inten I \-rav bear 
that the ipparatus woul isiderabls 
X-ray source could be st 
accuracy would be obtain 
Moreover, if only approx te ituration 
or if miner variations in fluid destributior 
it is quite possible that a order comparable 
developed or under deve ’ evera 
facturers may be sufheiet 
the extremely mall valu 
this method 

Since an X-ray generat ” ‘ > . . tec 
ment and the output ts to fl it REI EREN( ES 
in the power s ipply sar M 
made using ray sour 
been commonly available 
ms good as with the \-ray 
studies of saturation in tl 
gauge that is commercial 

\s stated before, the exper ! on the thre 
indicate that sufherentls te contact betweer 


eliminate all boundary ef be obtained. | 
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N. T. BURDINE, L. S. GOURNAY, AND P. P. REICHERTZ, MEMBER AIME, 


MAGN A PETROLEUM CO 


ARSTRACT INTRODUCTION ervoir performance 


in general, There 
gation «of equivalent pore ¢ : ' , ' , recently been published several 

in typical samples of petro nar , , =" ; methods for determination of pore size 

rock and the pore vol P ‘ ote tribution in porous materials \ re 

be sieht el ; pare 5 ; port is given here of the modifications 

se vightonk ee wea > ee n equipment and technique required to 
wetical « issions together with ex t alin pre t . . of these methods to meas 
perimental procedures for obtaining = P j ' on petroleum reservoir core 
ad ind the distribution of i fund ta - Although only a few correla 

vith pore entry radii are bie anh ’ ‘ applic ations of the method are 

Experiment results on Dol , a tilable for presentation at this time 

number iS enme umples long witl al ; , : 1! t chnique is brought to the atten 
vpical distribution curves, are shows mt eres : , tion of the industry se that the opin 
Data on the per cent of the pore volume , , ‘ ind experience of others with thi 


i pressure of [500 P , milar techniques may be exchanged 


‘ eet possible that the method will 
results of re-runs , 


sible by regenera ‘ e wide application the future 


the repeatabilit 


indicate the amount of he eal t =s 
, | METHOD 
in the samples by met the pore 


Theoretical equation There are three general method 
iting perme abilitv. from pore h may be «¢ mploved to measure the 
yution data were derived and ve ize distribution in naturally o« 
the results of such caleulations are inring rock formations. One method 
compared with measured gas perme ised on experimentally determined 
The effect of the shape idsorption isotherms for calculating the 
ind weight of the sample rlace area of the porous medium 

distribution of ing the surface area and the pore 
investigated exper:mment ! f lume i rough estimate of the pore 
capillary pressure idius can be made. Since this method 
with those obtammed epends on the thickness and uniform 
iphragm method usin f the adsorbed laver. the validity of 


results would be highly question 


ond method utilizes capillary 


data obtained by atic «di 
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placement of a wetting fl 


sample in contact with 
thle porous diaphragm 
tially suecessful for the 

of interstitial water curves 
errors and limited pressure 
ured eliminate 


distribution studies 


\ third 


method 
investigation 
pressures im reservoir re 


Drake 
of the 


and Ritter’ in the 


pore size distrib itiaet 


uses a “non-wetling flu 


Phe technique of Drake and Ritter 


modifications, has been 


study of pore entry radii 


tribution of pore volume 


entry radii in reservoir 


In the 


two equations 


theory of Drake 
were 
penetration of a 


into a porous solid, namely 


U diy 
Dik 
K ap 
volume 


\ pressure CurVE 


from experimental data. By 


differentiation of this 


curve 





PRESSURE 


MERCURY IMBIBIT 


OLUME 


ad irom a 


this method f 


applied to the 


rock 


ind Ritter 
developed, for the An 


“‘non-wetting 
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the derivative in Fqua ned directly from the pressure vol 


to evaluate DiR 


perme 


DiR 
the distribution function in 


nterval Ro to R R. By 


where + ihe average 


‘“" For a number 


uring curve 


dty Vv) 
he Equation 


inbatient 
nherent 


st may 


tion 
pore size 


wives the 


w Pus The value « ' t he incremental volume, v, (fractional) 


read off the pressure-volume curve 


capillary 


and in livided by R ind plotted against 


R R. giving the distribution 


irement 


of graphical differen 


irve This ty pe 


italvsts 


ition emplovs the ord instead of 


mercury 
the tangent. with accuracy inversely 


with 
length of the 


proportion l to the incre 


ment 


“N 


APPARATUS AND 
PROCEDURE 


ipparatus suitable for determin 


liquid ig the pore size distribution in porous 


has the following essential com 


1 system wherein the 


varied from small abso 


ite value high vacuum) to 2000 psig 


higher 2 a closed system for 


vacuating the sample and immersing 


liquid at a few 


final 


nm the ner wetting” 


plotted crons (Hg pressure; (3) and 


graphical system for measuring the quantity 


DILATOMETER, M ¥ FOR 


values of SIZE DISTRIBUTION EASUREMENTS non-wetting liquiic that penetrates 


nm 
SAMPLE No 826A 
PERMEABILITY 440 (md) 
POROSITY 237 & 
SAMPLE No 6264 FOU} RUN ) 
PERME AB Y 440(md ORUN No 2 
POROSITY 237 % 
RUN No 
NN 





a ee RY KN HEE 
EQUIVALENT PORE ENTRY RADIUS (MIC RONS) 
ENTRY RADIU DISTRIBUTION 


TION 


CURVES, MERCURY FILLE t ALENT PORE 
PRESSURE FUN 
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the sample for a given pressure change The esse il compenents are type ired (the platinum wire) is then dete: 
The component parts of the apparatus K. LAN potentiometer standard 100 mined directly by its potential drop 
I PI I | 


used in this investigation are described ohm : i 1 Rubicon galvanome 
For readings above atmospheric pre 
helow ter i le resistance boxes, and the 

sure, a high pressure steel chamber o 
plat , re ce wire nstalled in 


of bomb of sufheient size to contain the 


th 
ihe vacuum system consists a 


single stage, high speed, mercury dif dilatometer was constructed. The boml 


¢ was co -cte a : “<5 200 
fusion pump beckhed by 0 Welch Duc Fable I ms connected to 6 high geesmure (2900 


psi) nitrogen bottle with suitable pre 
Seal, Hy-vac pump. A MeLeod gauge Dilatometer Calibration ' 6 y 


, ire gauges, valves, and fittings, and 
and mercury manometer are inserted 
wired electrically for resistance meas 
for pressure (or vacuum) measure 
rements 
ments and a tube filled with calcium 
sulphate (CaSO for admitting drv The dilatometer used in these studies 
air to the system is included ft nT ft 1, was made of pyrex glass. It con 
The electrical system is used for curre t circuit is iste ‘ isted of a sample chamber connected 
measuring the quantity of “non-wet tant va vy means of the poter to a capillary tube and surrounded by 
ting” liquid (mercury) that penetrates lroy ss tl 0 1 jacket. This arrangement reduced the 


the sample for a giver: pressure change resistal tl mais ‘ he ea pressure differential between the insice 


SAMPLE Ne 682 nal 
PERMEABILITY 20 (md) y SAMPLE Ne. I73C 
POROSITY |7-0% PERMEABILITY 201 (ma) 


et N Mel, POROSITY 143% 


- a. 





- 











x poem 
EQUIVALENT PORE ENTRY RADIUS uatronst 00 40 —y CO OD HO 1D NO 
se ; PRESSU (Cm-Hg) 
EQUIVALENT PORE ENTRY RADIUS VS. D R'B . , § vi j IMBIBITION CURVE; MERCURY FILLED PORE 
FUNCTION VOLUME VS. PRESSURE 


SAMPLE No I73C 
SAMPLE § 192A PERMEABILITY 20: (ma) 

PERMEABILITY 1440(md POROSITY 143% 
POROSITY 20% 


LED PORE 


MERCURY F 





103" 206° YOO 405 SOS HH 80 





“+ 2 - , 


t ) a 
PRESSURE (cm-H@) . ALENT PORE ENTRY RA (MICRONS) 


MERCURY IMBIBITION CURVE; MERCURY PO ; EQUIVALENT PORE ENTRY RADIUS VS. DISTRIBUTION 
VOLUME VS PRESSURE FUNCTION 
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and outside of the sample ‘ umber to pressure incre bet ( i ‘ ind effect of the exper mental errors or 
a minimum for all pressure A No. 36 istance s measur rded the repeatability of the data. Also, in 
B&S gauge platinum-iridium wire with The ambient 1 tut ompleted runs that were halted during 
ippropriate leads for electrical connec the air-conditiones ‘ , j he experiment tor various reasons 
tions to the outside was mounted inside reed to be ne | dure ould be started anew. The preparation 


the capillary tube. The dilatometer cali if alternatel f a sample for the re-run necessitated 


bration results are shown in Table I ind measuring he removal of mercury imbibed dur 
After preparations” the ample is wmtinued u 1 at . ng the previous run his was accom 
plished by um dis ion 

placed in the dilatometer and the . reached. The lished vacuulr listillat 


tem is evacuated to a final pressure of efter surrounds t ¢ i ! t The ipparatus tor sample regenera 


to 3 microns of mereury. The capil and the pre Ti | are rt tion consisted of a pyrex glass tube 


lary tube and the sample chamber are filled with water t mize temp ample chamber surrounded by a heat 


new filled with mercury and the resist ture variation ud t wee f ng coil and connected to a Hy-Va 
ance of the capillary wire recorded ~pace The d omete ‘ os pump through a CO. trap 


The pump is isolated from the dilatom ferred to the boml 
mercury ire 


Samples  containin 
eter and dry air is admitted in incre continued, as . 
placed in the sample chamber, evacu 
ments to the system, thereby increas higher ising ‘ : 
ited and heated to 180°¢ {56°F 
ing the pressure on the mercury sur ng gas. After 

: for several hours. When the weight of 
rounding the sample. The volume of readings ts 


mercury entering the sample for a given previously 


pressure change and, hence, the pore 1 preseure-r ; , ai ae cs Pable I 


volume associated with this particular ae ' 
or the ric , ny 
pa | Measured (Gas! Permeabiilty 


Before and After Pore Size 


increment in the value of pore entry 
radius, is determined by the increase 
in resistance of the capillary wire. a Physical Effects of Experiments 


the mercury recedes in the capillary Sample Regeneration 
upon entering the porou imple. Due 


After everal exper 
to temperature changes in the system by 


admission of air, or due to an apparent made to determine 


lag in the mercury penetrating the sam tribution in resery 


ple for a@& given pressure nerease or hecame ipparent ti 


both, the initial resistance readings are information could 


too low It is therefore necessary runs on the te 


wait until the <vstem stabilize or each Such informatior been reduced to the 


physical chang nt ‘ t ! imbibitior of mercury 


* Sams , ‘ et ext the penetration of the 1 t ul that all of the mereury 


pore pace ’ heer . wed from the sample 


SAMPLE No |92A 
PERMEABILITY 1440 (md) 
POROSITY 20% 








6 14 y a 6 a Z 
200 24 28 20 
EQUIVALENT PORE ENTRY RADIUS (MICRONS) 
GAS) PERMEABILITY (md 
EQUIVALENT PORE ENTRY RADIUS VS. DISTRIBUTION 
FUNCTION f A »R VS. MEASURED (GAS) PERMEABILITY CURVE 


PETROLEUM TRANSACTIONS, AIME Vol. 189, 1950 





N. T. BURDINE ;. GOURNAY AND P. P. REICHERTZ T.P. 2893 


The pressure-volume curves (Fig. 2) When tl ould be increased by successive pore 
for the first and second runs on a reset e distribution runs. To test this, gas 
voir rock sample show excellent repeat permeability measurements were made 
ability of data and indicate low order of n a number of reservoir samples be 
magnitude of experimental errors. Also of the nd tl itside of U fore the pore size data were taken and 
the distribution function curves (Fig ifter the removal of the imbibed mer 


3) for the same sample are very simi iry. No appreciable increase in per 


lar. An extreme case, that was observed meabilitvy, Table Hl, was observed for 


on only one sample (Fig. 4) gave a the samples. 
broad peaked distribution curve for the race e enla wt ' tix 
It may be concluded from the above 
first run and a considerably sharper of tl reury, the gas pern 
tests that the apparatus and procedure 
for acquiring pore size distribution data 
a reservoir sample are saltiusiactory 
id that the physical characteristics of 


Table II the sample are not, in general, altered 


Per Cent Pore Volume Filled During Mercury [mbibition to 1500 PSIA n the process. 


RESULTS 
Pore size distribution data have been 
ibtained on 100 samples taken from 
everal reservoir formations. Typical 
pressure-volume curves are shown 
Figs. 5 and 6) for samples that have 


dely different gas permeabilities 





\lso, the distribution function curves 
or the same samples (Figs. 7 and 8) 
llustrate the type of distribution and 
the size of the pore entry radii to be 
expected in the respective permeability 


ranges 


Table IV 


; » a o i > ° 
Dividing Factor - Permeability Data Pore Volume Filled by Mercury 
The per cent of the pore volume filled 


mercury at maximum pressure 
[S00 psig} Table IL], varied with the 
permeability of the sample and ranged 


mm 53 to 85 





According to Equation (1), the small- 
t pore filled at 1500 psig has an 


equivalent entry radius of 716A (A 

10 em). Hence, a large percentage of 

the pore space (over 45 per cent for one 
use above) has entry radii less than 


716A and is not filled with mercury at 


the maximum pressure used 


(An apparatus has been assembled 
it will increase the pressure range to 
0,000 psi. If Equation (1) is applic 


ble this will extend the lower radii 


ion filled by mercury to LOBA and 

will include an estimated 95 per cent 

{ the total pore volume of most reser 
samples. 
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Geological Correlation Data obtained by the authors have | leviated from the norm, despite the 


A study of pore size distribution data plotted with the me oe - fact that the measured gas permeabil 
obtained to date shows that distribu ability versus th vi ties of all three were about the same 
tion curves for samples from a particu (Fig. 9) that makes t i ed %) md. All three of these curves ind 

“ > =f = the ‘ ¢ ted diff } t > entry ‘ 
lar geological formation sometimes have tes the same ated different mean pore entry rad 
similar characteristics, whereas distri \ curve was nt i e dat enclosed different total areas and. there 

’ s to sho 1 eneral tre Table fore. differe ” o es fo choset 
bution curves from another formation pots ¢ , e, different pore volum ra chose 
iieis: Resets ganas Statin tes commen, 86 ans IV shows the d led data ‘ idii interval: but the one with the least 
4 ‘ co ‘ ) 

ore en dius had tl rgest 

logical formations are found to have An analys . : *° reches be J F args 
olug one wi tr 
characteristic § distribution curves in the factor. { ne, ee eee WH = see 
irger mean pore entry radius had the 


general, the exceptions to this trend permeability ee! 
may perhaps be ascribed to relatively pores with the small nd largest pe volume, and the one 
s with the largest mean pore entry radiu 
large amounts of clays and various expected to have the ; 
had the least pore volume. These facts 
chemical compounds vecluded in the through 4 porous 
os n conjunction with the iriations 
formation. When sufheient data are f would he a 
. dividing factors, explain qualitatively 
available, definite conclusions may be pores than for 

ow it is possible for the three samples 
made in regard to this possible type Values of 
f lat to have the same permeability, althoug! 
of corretation , “ 
lengths were ng widely different structurally 


mulated data 


Permeability Calculations ral trend ' n from tl 


and Results 


curve, and the probabilit j the pore jations (15) or (17 may he used 


of larger radii 7; } P se] o calculate the permeability of porous 


Two equations were cle veloped for those of the ideal aa i , , mec om pore size distribution data 
calculating the permeability of a por instrumental in the 
ous medium from pore entry size dis empirical formula 
tribution data. (See Appendix for de 
rivations). One equation contains the " die Table \ 
ming the ilue 


distribution function, and the other, the Measured (Gas) Permeability ve 
this equation 


pressure-volume relationship. The equa _ . une setae Caleulated 


Por . " 
culated (Tabli Permeabilitic 


tions are 
the measured 


10. for the 


It is obser 
mea bilities 
low and prol 
experimental err 
taken from held 
ible amount 
Was presen 
mulation of « 


the empiri 


Of special 
: which gave 

In these equations all factor 

viding factor 
known or determinable except the 
of the distrib 
tor, x,, which is proportional to 
. three samples 
‘effective” capillary length. If the 
fective” capillary lengths of all the 
pores for all samples are the same, the 
factor, x,°, may be written as a “divid lable VI 
ing factor”, { ! lations above Physical Measurements of Samples 
The value of { may be she n both the 
oretically and experimentally for close 
packed spheres “ inttort to he 
{ z) Since naturally occurring 
rock structures vary considerably from 
this ideal “sand” pack. the values of the 
factors t for variou permeability 
ranges apparently cat , rmined 


only by experimental ea ments 
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The results of the investigation indi- 
cate a reasonably accurate and satis- 
factory method for permeability meas- 
urements. If the permeability is known 
and the pore size distribution data are 
available. the lithology factor, f, may 


be determined by similar equations 


Water Capillary Pressure 
Determinations 


Equation (1), namely 


pR 2¢ cos 4 

may be used to determine capillary 
pressure curves for “wetting” fluids as 
fluids in 


porous media. The difference lies in 


well as for “non-wetting” 
the values of the constants, ¢ and 6 
Che value of contact angle between the 
reservoir solid and water was assumed 
to be that determined between quartz 
and water. This value, as wo. as the 


value of surface tension for the mer 


cury-air interface, was taken from the 


International Critical Tables. The val 


ues 
per 

Usir tlhe cury cap llary pressure 
data bout ten sandstone samples 
t 


it iry pressure data were 


Equatior | 


water 
culated plotted 
compare 

the p 

cal « 

osities of 

Conside 

experiment 

relations f results are verv good 
discrepa es that appear, especially 
the extreme { pressures, are inder 


vestigal I theoreti ally ana expe 
mentatl is more data are accumulated 


External Surface Area, Weight, 
Shape Factor Effects of Samples 


tudy oft regularly ! ped 


xperimental measurement 


determine the effect 


irea. weight 
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of the sample on the pore size distribu 
tion data. This necessitated pore size 
measurements on a sample and re-runs 
on the same sample, with successive 
changes in one or more of the physical 
factors. For example, the first run was 
taken on a sample in one piece and the 
re-run data were taken with the sample 
crushed into many pieces. The pressure 
volume curves showed increased volume 
values in the low pressure range for 
the second run and the calculated per 
meability was 75 per cent higher than 


that for the first run 


The procedure for making multiple 
samples by cutting the originals was 
iltered to make possible plane area 
measurements, uniform shapes, and 
Physical 
calculated permeabilities, and 
other data are shown in Table VI. A 


constant weights measure 


ments 


typical set of pressure-volume curves 
ind distribution function curves are 
shown in Fig. (13) and (14), respec 


tively 


General observation of these data re 
veal that the volume of mercury pene 
tration in the low pressure range in 
creases as the surface area per unit 
weight increases, but a quantitative re 
lationship between the two has not been 
determined, Too, the increase in calcu 
lated permeabilities with increase in 
urface area is erratic and inconsistent 
ind the per cent of pore volume filled 
by mercury at maximum pressure (1500 
psi) varies from run to run for every 
sample. These variations may be ex 
plained partially by the change in effec 
tive pore volume when the sample is 
it, due either to secluded pores being 
made available to mercury penetration 
or to the destruction of pores in the 


line of cut 


An apparatus was developed to meas 
ire the bulk volume of the sample in 
place in the dilatometer and thus make 
possible the ultimate determination of 
the porosity from total imbibed mer 
ury at a pressure of 10,000 psi. This 
was accomplished by measuring the vol 
ime difference to fill the sample cham 
ber with and without the sample. The 
iccuracy of measurement on cylindrical 
iluminum plugs of known bulk volume 
was approximately +0.1 per cent, 
whereas reservoir samples gave porosity 


tlues consistently higher by this meth 
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od than by independent methods. The with no experimental diff t eeu ‘ ‘ re cases 
apparent imecrease in porosil Was pated The operat proce ene quations conjur on wit! 
caused by void spaces formed between straightforward a 

the sample and the walls of the sample Vhe time require 
chamber. The effect of such voids tarting after 
the pressure-volume curve 


ple and ending — 
sample had pores with large radii. Too the data and plotting of , rye ail ae capillary 


the data taken on samples with various . 
from 3 to 4 d tron re y cap 
! reury a} 


surface areas were undoubtedly affected 
data taken frem small 
by these and other voids between the The data obtai 
shaped samples, with the 
sample pieces, to the extent that corre ples on which tl 
reativ exceeding that 


lation between the increase in surface the orresponding 
} lenlated porous diaphragn 
area and the increase in calculated curves and distril 


permeability was impossible 
represent a ¢ 


niormation to vork is continuing to ac« 


a os SR ee ae mu data, to refine the method 
CONC Lt SIONS The investigation = = ‘ in » extend the range of application 
The invesigation of pore entry size weight hape study of porous media 
distribution in naturally occurring res area of the <a le o , 
ervoir rocks has involved the develop been completed. Probably the exter SYMBOLS 


ment of an apparatus for experimental surface are 
ad titions Ipp ad 
measurements, the accumulation of pore were cause jehin . : oe 
entry size distribution data on samples nore veluns ised 


taken from various formations, and the > hetwaen 


derivation of theoretical equations for walle of the 
applications and correlations of — the ipparent po 
data nated, it i 
the shap 
The apparatus is simple to operate 7 


the n suret 
accurate, and reliable. For all practical > es 


purposes, the range of data is not lim Using the 


ited by the equipment that may be ind the emy 
built, For example, the pressure range meabilities ca 


is now being extended to 10.000) psig ze distribut 


MEASURED (GAS) , SAMPLE No. 286 
CURVE SAMPLE POROSITY(%) PERMEABILITY (md.) a ow ATER CRE ABILITY 10-6 (md 3 
No. | 171-0 10-0 22 "7 _, SPORE SIZE DISTRIBUTION DATA 
No.2 I73-C 143 20 ES PaATEO Fo BE 60% 
No. 3 682 17-0 20 xGRAVIMETRIC DATA 
DIAPHRAGM METHOD) 
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PRESSURE 


ARY 


3 DIRIMCM*) 
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| | , | 7 Pr > * } 
Total pore volume (cc) \ ‘ pike ! ire : number 1 pore im the 


age distribution tunction 
em 

Constant pore entry radii in 
le rval fem 

Rate of flow (ce / sec _ 
to} 
V ise osity (poses dyne 

sec, /em is the fractional porosity, A is 
Length of sample (em of cross-section, and 

Number of pores in the 

range R 

Number of terms included in 

sum 

Permeability (darevs 


Porosity fractional 


Conversion constant (9.87 x 


It itmos dynes om 


Dividing factor 


Effective” capillary 


portionality factor 
to | 
cross-section 
-ample em 


Measure . permeability 


B= 


lead of assuming that the capil 


ba ‘ ate ries have equal lengths consider each 
REFERENCES re ‘ 6s ' 
! nterval with an “effective” « pil 
G. Shull The Determination of t ngth, | Also, let 
Pore Size Distribution from Gas Ad 
sorption Data Jour Imer. Chen 


7 ] bt 
70, 1410, (194 Equation (6) becomes 


x I 


SAMPLE No. 13302 SAMPLE No 13302 
PERMEABILITY Si2(ma PERMEABILITY 512 (md) 


JRVE No FIRST RUN-ONE PIECE 
= « CURVE No 2 SECOND RUN-TWO PIECES 
‘ © CURVE No 3 THIRD RUN-FOUR PIECES 


— + CURVE No 4 FOURTH RUN-SIXTEEN PIECES 


7s———_ No | 


CURVE No! FIRST RUN-ONE PIECE 
CURVE No.2 SECOND RUN-TWO PIECES 
CURVE No3 THIRD RUN-FOUR PIECES 


CURVE No 4 FOURTH RUN- SIXTEEN 
PIE f 
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Similarly 





= 


By definition 


oe ] v= DIR) 
> RK 
xn (10 


Also, the rate of flow through this where \ 


same system is given by Darcy's Law volume in 


K 
0 CA 
(11) 
1ool 


where k is the permeabilit 
Combining Equations (9 


(ll) gives 


PETROLEUM TRANSACTIONS, AIME 





Substituting Equation 14) is 
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2 
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Also, from ft quation 
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THE SP LOG IN SHALY SANDS 


H. G. DOLL, MEMBER AIME, SCHLUMBERGER WELL SURVEYING CORP., RIDGEFIELD, CONNECTICUT 


ABSTRACT ‘ vt lect otive force involved were smaller in that 


has been called the “Pseudo-Stati« 
As a continuation of the earlier paper on the 


ject of the SP log, a more complete analysis of : 
; , clean sand depends on the salinity of 
tures of the SP log in shaly sands is given. The 
‘ with respect to that of the mud, and. to a 
SP in front of shaly sands is compared. on a theoret 
‘ the differential pressure which controls 
to the static SP in front of clean sands, as a fur 
: potentials. but it does not depend on the 
respective amount of shale and sand in the formativ > 
ind. On the contrary, the pseudo-static SI 
the relative resistivities of the shale. of the unc 
pends not only on the salinity of its connate 
part of the sand, and of the invaded zone of the sar 
lifferential pressure, but also on the per 


\s a conclusion, the advantage of using reasona ! ‘ 0 tle and on the resistivities of the shale, of the 
tive mud in this case is shown ' via f the sand, and of the zone invaded 

The discussion is illustrated by field exampk 
tie ibove were equal, the pseudo-static 


tional to the percentage of sand in the 


INTRODUCTION 


departure from the static SP of a clean 
The discussion re ported in the present paper e connate water would simply be propor 


' . 2 » 
theoretical analysis, and not on experiment. ‘| of shale. In that case, the pseudo 


amples, joined to the text, are shown only as qualitat containing 10 per cent of shale would 
\ } 10 per ent } t the « > . 

trations of the essential results of this analysis. Alt . , i the static SP of a clean sand 

hv potheses made in the theoretical de velopments \ t | eve t wi t on the average substantially 

be somewhat improved. it seems, nevertheless. tl ‘ t tt shale, the percentage of departure of 

obtained account reasonably well for the actual f t eudo-stat ’ from the static SP of a clean sand is 

and give a fair approximation of their order of ! er wu the reentage of shale. For that reason 
opposite shaly sands are systemat 

The paper contains 4 mathematical analysis 

nplitude when the sands are oil-bearing 

sional distribution of potentials and current 

Water-bearing all other conditions being 

spontaneous electromotive forces arising at 

re is observed even when the sand beds 

shales and free electrolytes. as a function of the . . ' | 

when they do not contain a arge per 

of the respective resistivities of the different med ‘ . ; 

It is assumed. although this hypothesis is not 


the emf's remain the same even if the shale «o t tlready been deseribed in an earlier publica- 


thin lavers or in dispersed partic les 1 qualitative way. The present paper will 


tail the action of the local SP currents 


t . ‘ . “ om o 
l la ilready been pormte | it that. all ot ide of the shaly sands. and which are 


toe » the s e » deflection o > log in fror 
being tl ame, the deflection of the SP log in fr normally low value of the pseudo-static 


sand is smaller than opposite a clean sand. Whe omputations have been extended to the 


ness and the conductivity of a clean sand are nterbedded lavers of sand and shale 
the deflection of the SP log reaches a limiting 
equal to the “static SP” of the clean sand. It 


convenient to take the static SP of shale as the 


of the shale and sand streaks do not 
they are summarized in charts giving 
; tatic SP of a shaly sand as a function 
or “hase line As a consequence, and for the neters involved 
viation, the expression, “static SP of a clean 
ised to designate the difference between the 


DEFINITIONS 


of the total electromotive forces involved in the e stat Pol lean sand has been defined as the poten 


it sand and that of the shales. which difference 


in the mud opposite that sand, were the 


4 flowing. Such an ideal condition 
value is also observed for 


thick shalv sand. but it 
ido-static SP of a shaly sand can be 
il that would exist in the hole, if the ci 
urrounding shales mud column were 


meulating plugs placed at the boundaries 
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between the shaly sand th irrounding shale epre y i thin sand beds are identical 
ented in Fig. 1-B. in ‘ « assumed that the conna hie I thie whereas all the thin shale 
water in the invaded zon wen completely displaced | i é > id ne t same thickness h 
the mud filtrate, and that tl ire no electromotive force t t age oportio , | “ ale is the 
between the mud column and the invaded zone im 
lavers. Under these conditions, the potential in the mu rre 7 e j : - of th . , and. h 
sponds to the diagram represented in solid line t rh e | “ 1 ho ' n < with the 
pseudo-static SP is lefined, the average value 
potential opposite the shal «.. disregarding 
ples which, in facet, are t i if the individual 


sand and shale are thin en 


It must be remarked that ir y. 1-B. the insulating a. of , ctrofiltr . otentials 
interrupt only the ecireuit SP current whi ner I . 1 . . Se eae ‘ 
would flow into the shal nd. from the shaly sand 
urrounding shales. and back from the surrounding 
through the mud column and the invaded zone This SP « 
should be differentiated from local currents whose whole 
ire small and remain inside of the shaly sand itself. The f , th ver cent sand and 50 per nt 
mer will be referred t } external SP current dashed h there o diffusion between t nud filtrate 
lines on Fig. 1-B) is the “internal SP t ‘ water 

olid lines on Fig Under normal conditions, i thre t of th nd beds is supposed 
absence of insulating plug the external SP current is fi t t of i Moreover 
to flow and produces in the mud column, by ohmic effec t ev nvadee vy the mud filtra 


potential flerences which are recorded on the SP log (dashe ted ! i both considered to 


di 
diagram, Figs. 1-A and 1-B ! t i . pm contact with ¢ 


The internal SP current represented on Fig L-B 
which flow from the invaded of each sand streak 
uncontamimated part, and back ugh the surrounding 
streaks, are generated j tiv th <ame way as the exter 
SP current because of the « of the electrolytic cha 
mud filtrate connate \ er These internal current 
produce potential differen ohmic effect both in the shale 
streaks and in the ind streak ind the respective 
these ohmic drops of potential, in the shale parts anc t Shaly Sands with 50 Per Cent Shale, 


' 50 Per Cent Sand and No Diffusion 


sand part of their cireui letermine the va ‘ 


static SP. as explained late 


QUANTITATIVE ANALYSIS OF THE PSEUDO- 
STATIC SP IN SHALY SANDS 
The tollowing pti made 


taly sands 


] 


; 


oeseoese 
ehebeersedes 


ooeeeses 
eo erdeooende 


et 


{ 


FIG. IA SCHEME F STATIC AND NORMAL INDIT N AN AN | 


1B SCHEME iC AND NORMAL CONDITIONS HA FIG. 2 PSEUDO-STATIC CONDITION 
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through the adjoining shale beds. By reason ot ! that ¢ ‘ t can be computed by considering 
line of current flow crosses the planes like VY" whic tl sHhmic droy uy he boundary emf's encountered when 
divide any of the beds into equal parts. Nothing wed. following from the shale in the direction toward the 
therefore. in the space between planes YX’ a ! hel r ne the bed or along the sand bed 

the point of view of the current and potential value obtained is expressed by 
ill the surrounding formations are removed 
late the two half beds. The case of the shaly sa 
in Fig. 2 can. therefore, be reduced to that of I : —- Case, Ihe expression ts 
beds. respectively of sand and shale, and bot! 


the mud, as represented in Fig. 3 has also been placed in Fig. 3-B in 


In Fig. 3-A it is assumed that an insulatis t rectangle v ) s both the mud and the invaded zone 


venting the internal SP current from flowing ibove are identical with the assump 
is arbitrarily taken equal to zero at all points total drop of potential along the path 
bed which are far enough from the mud colun must be equal to the total electro 
SP current has no influence on their potential. | 

the potentials in the different regions have the 


in rectangular frames in Fig. 3-A. namely 


Zero in the shale 
J in the mud opposite the shale 
6 in the uncontaminated sand ide that the pote ntial is zero at a great 
bh J (a+h~+ec) in the mud opp ind listance le the shale. +c represents the statie SP of the 
ind in the invaded here represents the static SP of clean 
(This last expression has been placed in Fig onnate water. The preudo-statir ai 
tangle which covers both the mud and the inv ! ae . nt ee in either of two ways 


cause the potential is the same in these two re eing seud tal SP of shales PD 


assumed that there is no electromotive force 


peers ‘ t c SP of clean sands PD PD 


In these Xpr or ' ul ’ v considered as a shale in 
lese EX pressions 
sand streaks create potential 
is the boundary emt between mud filtr , 
SP more negative than that 
water 
considere | a | sand in which 
is the boundary emt between connate wate wesence of shale streaks create 


is the boundary emf between shale and pseude-static SP more positive 


trate oth definitions are equivalent 
When the insulating plate is removed, the , . © more Um yrametrical character of 

ent flows as schematically represented in Fis or dierent ind shales, and more gen 

duces potential drops by ohmic effect in the sha I . nein pervious and _ tble bed 

sand. These potential drops have been desig , ‘ i te quantitatively the values of PD 

PD, and PD respectively for the shale bed. the re ! ar is functions of the different: resistivitic 


ind the uncontaminated sand. The potential 





BOUNDRY EMF’s AND LINES OF 
RESULTING CURRENT FLOW 


FIG. 3A — THEORETICAL STATIC CONDITION 1 POTENTIALS EXISTING IN THE 
3B — PSEUDO-STATIC CONDITIONS SEPARATE ZONES 
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Computation of PD,,, PD, and PD 


When the depth of penetration of the mud filtrate 
sand streaks is large in comparison with their thickness 
internal SP current 


which flows essentially in the 


the 


vicinity 
aded zone and the 
the On 


the boundary between inv uncontan 


nated does the 
hand, that 


it actually is 


sone het reach 
be 


the thicknes=« 


mud column other 


boundary 


can even thougl 


likened to a plane ig 
radius of curvature is 

of the individual 
shale. It is therefore sufficient to study 
represented in Fig. 4+-A and Fig. 4B 


separated by plane surfaces which are 


1 cvlinder 


in comparison with laver 


pe 


where ther 


cand and the sim 
hed case 
media 
perpendicular to the 


PD... PD, and PD, tor 
In Fig. 4A. the 


have been represented by 
that 
therefore u 


ire only three 


plane of the figure ind to compute 


that case 


different 
illustrate the 


the 
to 


boundaries between 


double 


electromotive 


lines 
each boundary 


difference 


there is an force at 


constant potential hetween the 


sides of the same boundar 


In Fig. 4-B. the 


shale and in the sand, at 


values of the potentials prevailing it 


hole 


ind uncontaminated zones 


great distances from the 
te the boundary of the invaded 


close to the hole 


When the 


figure has two plane s al 


have rectangular frame 


sistivities KR R, and R, are equal 
DOA and COB. This 

the lines of current flow w 
These 


also acros 


been plac ed in 


three re 
“Vinmetry 
symmetry, therefore, applies to 
\ by 


the 


wre represented in Fig. 4 solid lines with arrows 
ind 


ot 


boundar ie 
hither 


surtace 


ines of current flow 
the plane DO 
is. therefore 

Rial difference 
of 


wre 


perpendicularly sicte any boundary 


in equipotential and there is a poter 


equal to the boundary emf between the tw 


Bidles that boundary 


By reason of resistance between 
Petential planes OB OD iv that 
and OF and to those re spective ly between OC’ 
between OT and OBR. It ot 
Entensity of the geometrical 
Punction of the thickness of the 
fTommon 
PD ix 2s 
PD ix 
PD ix 
the resistivities 
made different 
R R, and R 
resistances 
x ‘ nd ek 
of the 
of the 


“vimetry. the the equ 


between OD 


ind O4 


istances thre 


and equal to 
ina 
one these re 
which 


and K tl 


write 


current, g a factor 


individual layers 


resistivity of the three media. one can 


It now of the three homogeneous media are 


from ther, and respectively 

the 
the 
Phe intensity of 


im the 


each equal t 
net changed and the 
breve eR 
irrent is changed, be iW 


The 


bound ite 


lines of cur 
different: sectors 
the « 


rent are 


in respectively one 


change total re tance of the cireuit 


juipotential surface whether at the 


elsewhere remains unchanged. but the 


rlace 


the three 


potential oft eact 
The 


given by 


these equipetential st changed new val 


the potential drops in media are 
PD 
PD 
PD 


since 


x 2eKk 


and the total potent drop must 


be equal 
ilong the ire 
PD, + PD 


relatior 


electromotive force 


PD 


From the 


iit 


itarve 
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SHALY SANDS 


velyv the SP with 


I 


pseudeo-static respect to 


shale- line} thre 


ind the departure of 


SP of a clean sand 


pase 


with respect to the static 


gt onsider the ratio a of the pseudo-statx 


the SP of a clean sand with, of 


stati 


water These two quantities ire 


» that ther 


omputations 


that. at reasonable distances fron 


mud filtrate and uncontaminated sand 


he shal 


ind —~PD 


either side resp tivel 


ir¢ 


Shaly Sand with 50 Per Cent Shale, 50 Per Cent 
Sand and with Diffusion in the Invaded Zone 


be treated by issuming the diffusion 


lit t \ 
1 Fig. 6. If it is 


represented i furthermore 


liffusion takes 


th the 


stance great 


place over a d 
thickness of each 


individual shale or 


can be divided into a 
resistivities RK, R. R 


measured 


sequence 
section along 
meas ired in 
total 


the 


} 
yoru 


N OF EQUIPOTENTIALS AND CURRENT LINES 
COMPUTED 
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daries between these sections, the total potentia 
the shale is given by | 
P 7 dx 
PD a Rix) 
R 
consider the case where the diffusion 
It is convenient to replace this summatio law. as would seem natural. In that 


fl | ay 
PD Ein) p 
/ i Ri ie da R 
; ) 
R R 


the resistivities of the connate water 


rr 
mn whict 
Fix) is the electromotive force per unit |e 
shaly sand, prevalent at the radial dista 
the axis of the hole 
Ria) is the resistivity of the invaded zone 
distance 4 (8) 
and 7 are the radial distances of the twe 
invaded zone equation (6) then be 
The value of E(x) at any radial distance is | 
the relative change of salinity per unit length 
distance. If R(x) designates the resistivity 
the sand at the radial distance x, the value of 
hv 


the value of the pseudo-static SP. referred to the 
| 


KE tatic of shales, and can be computed through equation (9) 
1? ) 


of the different resistivities within the sand 

so that the general expression for PD. become re particular, when the resistivity of the sand varies 
it the beginning of the zone of diffusion 

to a value R, at the end of that zone (ra 

nd this according to an exponential law 


expression 


W(t) 


E\o tEgs t Eset e ler re on. tl 





e expression tor PD becomes 


FIG. 6— ILLUSTRATION OF CONCEPT OF DIFFUSION INCREMENTS 


— Mud Foctor 


SP ot shaly sand 


f clean sand 


ithon and with simplihed notation 


- to a shaly sand with 50 per cent sand 

which both the salinity and the resistiv 
me vary exponentially with the radial dis 
of the hole 
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THE SP LOG IN 


SHALY SANDS 


Shaly Sand in Which the Thickness of the Sand 
Beds is Not the Same as That of the Shale Beds 


The 
sands having 
he 


shale has any wiven value 


formulae established in 


extended to the case where 


and order not 
simply be stated that the 


be used to compute PD 


stration in 


expre 


that KR R,, Ry be 


respectively 


RK 


p beimg the proportior 


l p 
l-p 
change 


the proportion of 


ssions (9 
ifter 
R 

A log 
R. 


expre 


the general case m 


thie 


A) per cent of shale 


W ithe 


i section 


previous 
md 50 per cent of 
the proportion of 
it going through 
the 

ll 12 


ge neral Cast 


K 


xtend 
ons ¥ and 


the 


replaced by 


of shale and 


the shaly sand 


for example 


VIOUS 


the 


discussi« 


will 


-implificatio 


tor 

. ind 
sand 
le 
! ! 


athrve 


consequent 


With 


PRACTICAL APPLICATION — CHARTS 


Expre 
Fig 
as com 
Water. To 
party ilar 


hehind 


the 


ame 
of the shal 
bye 


theretore 


This chart 


resistivity 


ipplic 
im the 
It 


aly sat 


the 


the invaded zone 
ipplies to sh 


of variation of sal 


210 


1 te compute the 


»static SP of a 
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ER 


AN 


WITH 4 PER 


BEARING AT THE 


SAND 


> AT THE BOTTOM 


inces 


cknes 


ENT SHALE 
BOTTOM 


whieh 


Oll BEARING AT THE TOP AND 
OMPUTED CURVE 


nut large 
smal] in 
of t dividual 


OIL BEARING AT THE 


OMPUTED CURVE 


WATER 


Vol. 189, 1950 





T.P. 2912 


In the case of an oil sand where the resistivil 
lv instead of exponentially.* in the invaded zone 
is smaller than that indicated on the chart 
trated by Fig. 8 on which a few curves cor 


linear law are compared to the corresponding feduction factor 


exponential law extracted from chart of Fig : : . . — 
, Pseudo-Static SP of Water Sands and Oil Sands 
Example An oil-bearing shaly sand. with 2 . ele 
The pse sta SP of a shaly sand is of smaller magni 


s considered, where 
l-bearing, than if it is water-bearing 


R,. = 1 ohm-m Resistivity of shale me ‘ ‘i Ge se. R, is much larger and affects the 


25 ohm-m Resistivity of uncont 1 i e rati rdingly. This is the reason why sands 
| ohm-n Resistivity of connate w clean, frequently show less SP deflec 
bearing section than opposite their 
This is illustrated by Fig. 9 which 


SP log for a thick. shaly sand partly 


obm-m Resistivity of muc 


ormation tactor 


r-bearing It is intere sting to compare 
that of a clean sand, having other 
haracteristices, namely the same con 
saturation (Fig 10 
it that the proportion of shale in a 
eonstant throughout the whole bed. In 
ve of shale generally decreases from 
idaries towards the center of the bed 
ng sands, the pseudo-static SP is Little 
if clean sands, and therefore is 
of the shale content. On the 
of oil-bearing sands is very 
of shale. In practice, the shape of 
level of the boundaries of an oil-bearing 
noother for a shaly sand than for a clean 
ons being the same. Also, the SP curve 
olve a plateau opposite thick oil-bearing 
ten shows fluctuations according to 
ide-static SP. ie. of the percentage 


tLexample of SP log opposite a sequence 

ind For the sake of completeness, the 

with both the short and the long 

e been reproduced on the figure. On this 

water-bearing sands of sufhcient thickness 

mseude-static SP. Bed (A is oil-bearing at 

it the bottom. The pseudo-static SP 

part is strikingly less than the pseudo 

bearing sands. Moreover, the shape of 

the peak, opposite bed (A). is quite 
heoretical curve, Fig. 9 


se of a clean sand. and should be 


logs obtained opposite the same shaly 
bore holes. In one hole, the sand is oil 
static SP is equal to 20 my im the 


vater-bearing, and the pseude-static SP 


Computation of the Resistivity of the 
Connate Water from the Pseudo-Static SP 
of a Shaly Sand 
ompute the resistivity Ry and 


connate water in a sand fron 


bute slue of the static SP. corrected for 
rrected for temperat over the « t yotential, if that quantity is not negli 


FIELD EXAMPLE OF SP LOG IN SHALY SAN tivity of the mud filtrate, and K is a 
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vefheient theereticall equal te ipproximately ; when i sistivil ! v between the limits of the waded zone 
' / . », > 

‘I seed in illivelts (4 Thi elation can alse be writter i ott ond ' remaining the same The gure s = alse 

‘ we é f r hows a ’ 


I j ‘ . 
log KR. log R ' SCUuCGO-s i iat would have existed for that same 


k y san ad been entirely water-bearing, and if it had 


In the case of a thiek shal sand, the pe ude-static nnate water in this case, the pseudo 
determined from the log. i equal to a£. and instead o , t pendent of the variations of salinity through 
the formula gives a false slue KR... such that ded that they are continuous 


it. according to the above theory 


log R, log R 


» conductive than the connate water 


E 
A 


By combined relations (18 nd (19). the following relati« in oil-bearing shaly sand as 
is obtained id. and brings it nearer to 
K K 
log ; ( a) log : . 
R R. Shaly Sand in Which the Clay Material is 


which makes it possible to compute the relative error made Disseminated in the Sand 

in the computation of R, if no correction is made to é howe apie frequently disseminated in the cand 
pseudo-static SP taken from the SP log. The value of , 
relation (20) can be taken from the chart of Fig. 7 


ti 


e sand grains. In that case. the thin 
ide bv side with the network 

It is interesting to study how. for a given shaly sand, the 

relative error on Ry, is influenced by the resistivity of the mud 

as represented by that of the mud filtrate R g. 14 show f RESISTIVITY 

three computed curves corresponding to the same shaly san 

containing 5 per cent of shale. For each curve, all conditions 

are maintained constant, except the re sistivity of the mud: th — SHORT NORMAL 

different curves correspond to different values of the oil satu 

ration. In particular, it is assumed that for a given curve LONG NORMAL 

the distribution of the fluids in the sand beds is the same tor 

mill values of Ry. It is interesting to see that the error 

Small provided that the resistivity of the mud is not too differ 

ent from that of the connate water. However. when the resi 

Rivity of the mud is substantially larger than that of the cor 

Mate water, and particularly when there is a large oil satu 

Fation, the error, as computed, becomes very large. Were 

hot for the fact that a sharp SP log is necessary fer the dete 

Bien of the permeable beds and for correlation purposes, tl 

Would be a definite advantage in using muds having 

fivity as near as possible to that of the connate water. lt 


@t least interesting to compromise by using muds th 
Besistive enough to give a decent SP log for example 

Bve times as resistive as the average connate water but 
Bxcessively resistive, lest the computation of connate water 


Salinity from the SP become too erroneous 


Effect of the Use of Two Successive Muds of O ohm meter 
Different Salinities on the Pseudo-Static SP rected temperature ) 
of a Shaly Sand 


In the case of a clean sand, the static SP depends almost 


EXAMPLE OF SP LOG IN CLEAN SAND 


entirely on the ratio between the resistivity of the last 
used and the resistivity of the connate water. It can be SANOWICH (SAND AND SHALE ) 
onstrated that this is also the case for a shaly sand if it 

hundred per cent water-bearing, because, in that case _ RESISTIVITY SP 
resistivity of the sand varies proportionally with the resistivity ~ —an ”" =o 


RESISTIMT Y: 
t 25) 


+ 


Aw 
of its impregnating water am =29a Rm=26 a0 

In the case of an oil-bearing shaly sand that has been pen d=eg” 
trated successfully by two different muds. the resistivity 
the sand streaks varies through the invaded zone. not on! 
because tae salinity of the water varies continuously. but als: 
because the oil saturation ‘ s progressive lv toward 
uncontaminated zone 

\ computation using the relat given earlier in this pra pe 
hows that the pseudo-static such an oil-bearing 
sand depends net only of he tivities of f 
f the connate water, but a nt resistivity 
in the intermediate zor ' iit is illustrates 
numerical applic ation « ; ' represents the var 4 PENNSYLVANIAN SAND IN HE 


tions of the pseudo ‘ ? ' sand as a fume ' 
SOUTHERN OKLAHOMA 
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of capillary water. This case is equivalent te that 


thin lavers of sand and shale. except that the alter 


The concl 
valid, but s! 


have become of mic roscopi thickness 


at for alternate thin layers remain 


-idered only in a qualitative way 


The case where clay is present im the sand 


clay grains isolated from each other. can also 


Such an occurrence may result from the trans 


feldspar grains that were originally deposited “ 


In that type of shaly sand, the clay grains that 


by a homogeneous electrolyte. as is the case 


taminated 


zone, for example, are electrically 


and therefore inert. On the contrary, the cla 


ire in the diffusion zone, where the salinity varie 


harocteristics 
ompu tation 
hole 

Shae hm 


sh meter 
Formation ftoctor of the sond 


A. Connate Weter 


FIG. 14 — RELATIVE VALUE OF THE APPARENT 

RESISTIVITY IF COMPUTED FROM THE DATA OF THE SP 

SITE A SHALY SAND, AS A FUNCTION OF THE MUL 
Pseudo Static SF 


Stetic SP 


Shaly Sand 
Clean Sond 


] Water Bearing Sholy Sand 


haracteristics 

the computation 
Formation factor of sond 
Ren Shole 2 ohm - meter 
Rr Sand 25 
R, Woter Send 
Re Mud 2 
R, Connate Woter* 0 
O% Shale 


PSEUDO-STATIC SP OF A SHALY SAND PENETRATE 
SUCCESSIVE MUDS OF DIFFERENT RESISTIVITIE 
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hole 


inds them as many 


from the form with the hetero 


small cell- 


small amount of current 


<urre 
mlvy a very 
mto the 
flaw 


from the side 


rents flow from the clay grains 


le where the salinity is 


ind back 


maximum 


minimum 
into them 
Since the salinity gradient 


wtential drops produced in the ground by 


ct to the and in the same dire« 


sround the clay grains add their effect 


il difference across the invaded zone 


vity of the that of its 


vary throughout the invaded zone accord 


shaly sand, and 


il law with respect to the radial distance 
oefheient for the 
ressed 


case of disseminated clay 


ipproximately by 


of shaly sand 


SP of clean sand 


established by a mathematical 


volves a certain measure 


of approximation 


lered only as rough approach to the value 


e p of clay by volume is small (less 


becomes otherwise quite erroneous 


where shales are present in the sand 


lavers and as disseminated grains 


can be roughly determined from 
, 


vy taking p equal to the total per 


stratified or granular 


Effect of the Electrofiltration EMF's 


differential 
beds 
represented m Fig 16 


due to the 
d column and the 
wl cake is 


emis are pres 


sand they are 
thin, and if the thicknesses of the 

d and shale are small in comparison 
the electro 
SP can be estab 
to that used for of the 
the potential drop PD, 
SP due to electrohiltration 
id and partly in the shale beds, and it 


by the 


ole, the contribution of 


the poe udo-static 
im lar 
| this 


eudo-stati 


the case 


Case 


formula 


on emi 
f interbedded shale 


the mud 


the invaded zone in the sand streak 


behind the mud cake 
the shale 


and (14) 
only when the 


given in the earlier part 
depth of invasion of 
at least in comparison with the 
wh bed. In the case of 

SP would 


rived 


moderate 


have a value inter 


from these equations and 
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It is interesting 
nvasion i pre-ent 

chemical and sould 
ime eEXpressior v t | replace 


electromotive fore 

Variation of the AK Coefficient of Shale 
Samples When Measured with Solutions 
of High Salinities 


The behavior of certair hale which do not she 


THE SP LOG IN SHALY 


SANDS 


$$ 




















TROFILTRATIC 





A coethcient when placed between concentrated 


sodium chloride is When between dilute 
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placed in a sodium chlorice hain 

Using the usual notation i and « for the en 
different boundaries, and designating by PD. the potent 
drop produced horizontal! 1 the core by the internal SP 
current due to the salinity change along the thin permeal 


streaks one obtains for the ipparent total emf / mea re 


hetween the two extreme solutions 
I a b PD a h PD 
When the 


permeable streaks, as impre ited by either of the tw 


salinities S, and S. are low, the resistivity 
tions, or their mixture ms Thig since in addition. the iD 
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treaks, the conditions are tl ‘ fa shalv <and for wl 
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tivity of the perme ible 
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laboratory measurement 
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In North Central Texas During 1949 
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The counties included in North Central Ts 
spond to those inDistrict 7-B of the Hailroad 
Prior to this year, Wise County has been 1: 
this group; effective this vear, however, Wi 
included in the North Texas District, leaving 
ing counties in North Central Texas: Brow 

} j 


Coleman, Comanche, Coryell, Eastland, Erat t ia P J. Maxwell 


Hamilton, Haskell, Hood, Jones, Lampasas, Vi ; : Seatiaken Send. 

Palo Pinto, Parker, San Saba, Shackelford ‘ ; : “1 Co. No 

Stonewall, Somervell, Taylor and Throckmortor - 
Statistics are presented in this report 

designated by the Railroad Commission. Ir 

due to insufficient data, several fields have 

ed together under the general classificati 


Fields 


The most productive county in this 
end of 1949 has been Stephens County witt 
production of 143,416, 767 bbl. Of this tota 
bbl were roduced during 1949 from 767 wel 
procuctive ounty during the period covere 


port Jones, which produced 5,253,71 bt 


107 


197 of which were completed 


al of 2,288 wells were drilled 1a 
juring 1949. This represents an increase 
ent over 1948. Of this total, 970 were cam 


124 were gas wells, and 794 were 


(me of the most important discuverie 
that of the Pardue Field in Fisher Count 
produced a total of 133,424 bbl of onl 
luring 1949. 


he Humphrey Gray Field in Jones Count 
important discovery. A total of 16 well 
pleted to the end of | from whict 


had been {| roduced. 
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HARRELL, JR. 


4. Ungren & Frazier No. 1 W. E. Hatche 

5. Roark, Hooker & Roark Drillers, Inc. N 
Collins. Strawn. 

6. C. U. Bay & Taubert Drilling Co. 
Farnsworth, Gunsight. 

7. Manley Bros. & Barron No. 2 Abbie | 
Hope Sand. 

8. Walter Duncan & A. G. Hill No. 


tt ‘ . surve . ' de J. Bard. 
Burleson. Canyon Sand. , , 


Jack K. Hogar 
of Abilene. 


Ww. T. Curb. 


9. Moutray, Moore Drilling Co. No. 


Craig Humphreys 
Unidentified Sand. 


Craig Humphrey 
Nolan County 


lowa-Payne Oil Co. No. | N. L. Me Le l Vr ict ie f 4 , . N. V. Atwood, 
Skelly Oil Co. No. 1 E. A. Ater. | ( tr 
Pinekley. Ingram 
Palo Pinto County 1 O q | a 
l. Ernest Loyd No. 6-A V. La Neve. Unider 


arter 


County 
Shackelford County 


, Humb | t Hefining Co. No. 3 Kirk Ledbetter. 
l. G. E. Kadane & Sons et al, No. 2 ance Caddo, 


2. Big West Drilling Go. No. | J. H. Na 
3. G. E. Kadane & Sons & Harry Beaumont ‘NV 
De Lafosse. Strawn. 

4. Danciger Oil & Refining Co. & Intex 
Edwards Heirs. Conglomerate. 

». Roeser & Pendelton, Inc. No. 1 E. C. 
berger. 

6. Oxford Drilling Co. No. 1-A Me 
Ellenberger. 

7. M. J. Mitchell No. 1 M. J. Matct 
et al. Ellenberger. 


>| 
. = oe 1 Eleanor Gentry. Mississip- 


No. 1 Goodstein-Brown Unit 


schwartz No. 2 M. Daws. Canyon Sand. 


oleum Co. No. | Garland H. Webb. Mi 
| Henry S. Bryson. Mis 


1 Norton. Mississay 


8. Humble Oil «w Refining Co. No. ; ( t ; ; ; sae : . = Me 
Trustee, Cisco Series Sand. 

9. M. J. Mitchell No. 2 Scott et 

10. Great Expectations Oil Corp. & J 
No. 1-b Chloe A. Nail. Casco Series Sand. 

Ll. HR H Drilling Co. No. 1-B Dell Newel! 


sand. 


sh. Marble 
1 G. D. Dickie Unit 1. 
Charles } Leather 


Thomas W. Forman. Caddo. 


12. Jack H. Moore No. 2 Dawson & Conway 
13. P. S. Kendrick & M. C. Alsoton No. 
Lower Hope. 


Possern. Mississippian. 
Hoss Sloan BK. Mississa; 





] Mrs. D. S. Me Donald, 
Stephens County 
1. Bond Oil Co. et al, No. 1 Ros ‘ Ac | { o. No. | Tom Morrison. Strawn. 
siSSipplan. 6. t o. | Sam R. Davis. Mississippian. 
Star Oil Co. Inc. No. 1-E Ed Ford. Cad wre 1 o! No. 1 Malcom. Mississippian. 
Mc Elroy Ranch Co. No. B-] B. G. 

4. Me Elroy Ranch Co. No. 1 Baker et 
Mc Elroy Ranch Co. No. 1 B. G. 

6. Connally-Thornton et al, No. 1 H. 

7. Texas Pacific Coal & Qil Co. No. 12 \ r ate j ularly indebted to G. PB. Lohoe 
Account |. Mississippian. fem 1 M. | I , and i. M. Kingston and V. { 
8. Mc Elroy Ranch Co. No. 1 W. H. Greer y issit hate The roce », for help in compa ling 
pian. 
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plan. t 
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12. Texas Pacific Coal & Oil Co. No. | r Ihe rite | wishes to thank M. Ft 
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Daniel 
this report. 
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Oil And Gas Developments 
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Oil And Gas Developments In Kentucky 


During 1949 


By COLEMAN D. HUNTER, * OTT BROWNING,?T 


During 1949 in Kentucky, 

which we 1 producer 
were iry es. The t i ) r } ¢ 

| f } i ley nent of import ance Fastern 

ar ° ‘ t he new 

and Powell ’ t ‘ ihas 

itucky showed a decre 4 1 ‘ ‘ extension of the big Sinking 

fie : n ret d due to property litigation 


five ye 


the vear, ‘ i VeETILES a ! 
. very first wells were drilled if 


iring September, wha ! ‘ i 
| i h 4 I iditional 27 o1!1 wells drilled, 


County 

the end of December to over | 100 bbl a 
that 1950 will be a better year. rod mn ft rniferous, are responsible for ine 
te 1 *s annual production from 19,000 bbl 
Oil roduc on ’ 1 Kentu y : ¢ t 1949, and Powell County’ s 1948 

: ; , sncreas , rf bl to 66,000 bbl in 1949, 
1 i 1 Hig Sinking 4 

t r ‘ssuring an the Weur nd rin ‘ ea two deep Knox tests were drilled. The 
Lawrence, and Magoffin Counties. t d or ace Williams’ farm by Ashland Oil @ 
efi ( Pp ated high on the Paint Creek uplift 
South Central Kentucky howed narke ur i me in Johnson County. This well was 
4,000 bb} because of a 174,000 bbl « , 1 to a tot th of 5,110 ft. The Knox Dolamite, 
ved flashy Stones River production lint , 8 ft to 5,110 ft, had two sand zones, 
nd there were no new discoveries of thi t , rt ) ) ft and from 5,095 ft to 5,110 ft. 
of old o1! fields inAllen, Cumberland . 2a ho I itered at 5,097 ft to 5,100 ft, and 
) 70 ft and from 5,528 ft te 


development in Russel , : : 
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County 
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Johnson, 


Western Kentucky | 4 7 ? 084,934 
Lastern Kentucky | } 1,310,512 
utl Ker } é 528 , 845 
124% 


EASTERN KENTUCKY 
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OIL AND GAS DEVELOPMENTS IN KENTUCKY 


OIL AND GAS FIELDS 
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WESTERN KENTUCKY f \ i ersburg, Hardinsburg and Cypress Sand 


Limestone, wath the bay, 


“rn Kentucky oil development activity PD RARE. ; ‘ van aaa: ’ 
{ 1949 wa rather slow; but 

were drilled, of wha arried on in the Gri 

The Waltersburg and Tar Springs 

xductave at depths of 1, 100-1, 20% 

f December the pool contained 13 


ave run of 928 bl 


and 3 were 3 
umber of welis 
fields and wi ide 
he activity me in the latte 
November and December, when 
being driiied in the who 


LY, Wildeats increased rom * iY4 ii Lex ' i ¢ on-Webster Counties was brought 


extension of the Poole Con 


on the Osborn Heirs farm, 


{ whach | produced o11 and | produ 


jlany of the discoveries and pool uth of present production 
late increase in activity and as a t t I ‘ tane and Hardinsburg Sandstone 
to greatly influence total yearly he Waltersburg and Tar Springs. At 
See Tables 7 and 8). Union ( t the ¢ here were two wells on the block 
of development, increased trom 14 give { e of ntial expansions for the Pool: 
August to 270, 0¢ bbl an December. Normal ce 
proven production offset the late increase with 
that total Western Kentucky production for 1949 less Dees limated an Western Kentucky during 
than 1948. However, the aforementioned new di ‘ . uct t andonment of the interesting Knox 
and pool extensions, with a continuataon of the |! it est 1 . r County on the Sebree anticline. 
business and price conditions evident in the are he I é : at 6,886 ft after penetrating only 
bot , f huuncdr et he Knox when dralling progre es 


part f 1949, promise an increase in 
f 11 had been found, one it 


tion for 195 
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Daily average production for the Wester k 
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Oil And Gas Developments In Missouri 


During 1949 


and gas developme Missouri an | 
any important a veries or changes 
ot previouw ears production ro 
a total of 32,027. bi, th a value 
and natural gas sold amounted t 3,3 Mv 
value of $3,256.76. A 
oil wells were pumped, 


productior The 





Oil And Gas Developments In Nebraska 
During 1949 


ant deve lopment ‘ ng The g structu » domal anticline trending 

overy of oal in th rley nat o east west complicated by 

y the Ohio Onl Co. & the lary é f t hich ms to cut the pre-Pierre, poste 

located in the NE N | » bed the wells but cannot be traced 

fr. io f., Re FY. I nto the Dakot iI rocks. Indications are that the 

completed at a total depth of t f rod ive area i Gurley Field will be comparatively 

1949 when production tests t t *% t he Similiar structures exist ain the 

hour of 3f jegree A.P.I., green. rown, b ral i wriey Field was discovered as a result 

base, <« o1l. Production wa é t f ! graph work by the Ohio Oil Co. At the 

the upper sandstone of the Dakota Grou; f , tor f 449 ther a total of six producing well¢ 
and shales of Cretaceous age, entered at ’ if the irie ¢ 2s potential production of about 
level elevation 182 ft). bt ! y and total production of 92,149 bbl, 
Continental Tertiary rocks were drill i I Dril ‘ t y 1 the state during 1949 increased 
990 ft where the Cretaceous Pierre shale ent ley . int ) , largely as the result of the 
base f the Pierre and top of the Smoky ey Field in the southern part of 

the Niobrara formation was reached at 5 -8t- I th handle part Nebraska. A total of 29 test welle 
Fort Hayes limestone member of the Niobra : even differe unties of the state were completed 
was drilled from 3,870 to 3,910 ft and ti I ring ¢t y irilling at the close of the year. Of 
limestone was drilled between 4, 150 and 4, f tne 1 . i ated in Cheyenne County, Six if 
jiascovery well. The producing formatior . t tact j int four in Dawes County and single 
northeastward with the upper part of the | ! Fillmore, Morrall and Scotts Bluff 
its type locality (northeast Nebraska) a: re I tot ‘ 16 dry holes were drilled, nine 
northwestward and westward with the Mowry o I he pr ; completed and four wells were 
Graneros shale which is approximately equiva I mT TTT t f the vear. In addition to the six 
Muddy” or Newcastle sandstone producir | t Gurley Field, three producers were 
Field in Richardson County which 


id ¢t the south. 


raska during 1949 increased about 

a result of the discovery of the 

on County production declined about 
ar. A considerable increase in 
ate 1s antacipated for 1950. 
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y Drift of Things 


New Oil Bonanza 


If one turns te an ordinary atlas and 


tries to Texas 


will 


spot a certain county in 
without the aid of an index he 
find the onsuming for 
the Lone Star State has 254 such subdi 
100 more than the next 
state of 
n the western part of 


job rather time- 


visions, almost 


most “countified” Georgia 


However Texas 
the map is not too much cluttered up 
with towns and railroads and other evi 
civilization, so it is not too 
In fact 


stands out as 


dences of 
difheult to find Seurry 
Snvder 
a town than its 1940 popula 
Lubbock 


northwest, was 


County 
its county seat 
more of 
tion of 3.815 would indicate 
untii a 


better 


80 miles to the 


vear and a half age, much 
known, but not now 
For Snyder 


a new oil field that may rival the 


at least among oil 


men is the center of a new 


boom 
famous East Texas field. Its population 
30,000. Living quarters 
hastily 


trailers 


has jumpe 1 to 
being 
1.000 


ind public utilities are 


constructed and 


offer 


some 


temporary homes, according to a 
recent Hall Street Journal article 


No one 
inderground but 


knows how much oil there is 


there are now some 
700 wells producing from a reef forma 
tion 6,000-7,000 ft below the surface 
Intelligent guesses indicate perhaps a 
billion 
oil than was found in the first two years 


of East 


found in 


and a half barrels of oil, more 


and more than has ever 
Oklahoma the 
state in the 


lexa 
been fourth 
largest producing Lnion 


The field seems to be crescent-shaped 


it present. trom it- 
Kent 
irnry County, to its southwest 
in Borden Standard 
(Standard of Califor 


brought in the first well 


extremity in Counts 
County 
of Texas 
subsidiary 
ind now owns perhaps the biggest acre 


ive. Magnolia Petroleum 


(Seceny Vac 
tum @ubsidiars ind Lion Oil are also 
bolder- \ ore ot other com 
field and the 


Methodist 


down holes on their 


ies are also in the 

Baptist and churches 
Z prop 
erties. Several of the early wells drilled 


last veal were in relatively widely 


spaced locations and only recently ha-~ 
t been realized that they were drawing 


pool. Not 
drilled to 


from the same wells 


enough 


ive vet been determine 


July, 1950 


as followed by EDWARD H. ROBIE 
Secretary AIME 


\l s a bouquet of orehids evers 
Willard 


State 


Thorp, Assistant Secretary 
in Opposmg the proposed mm 
creased tariff 


ost ground to oil 


maintained that coal has 
and gas for over 
1) years and that the influx of foreign 
sil now slightly ander a million bar 
had limited, if any 
trend. He that 
a vital part of the country’s trade 
that 
Americ an eX. 


rels a day has 
this 


ree on asserted 


it is one of the ways 
countries pay for 
would he 


Security in case of war 


iy threatened, too, for without 
American outlet, foreign oil produc: 
would be 


d their aid 


Neither did Mr. Thorp think that 


mported oil was harming the domestic 


weakened. vet we would 


il industry to any extent to 
fact that 


ords were made in drilling last vear, 


worry 


about n view of the new 


The current discussion is part of the 


controversy before Congress 
to tariffs 


ports 


ao-lens 
subsidies ind price sup 
On one side is the relatively small 


insistent group of domestic produc « 


welfare is hurt a great deal 
free markets 


late tariff 


whose 
absence of ade 
Their 
nents and jobs may truly be wiped out, 


ind the 


protection invest« 


communities they support may 


1 ghost towns, Protection a 


tal matter to them. On the other side 


re the rest of the citizens of the coun 


enormously greater in number but 


disinterested because a 
that 


‘ ommod itic . love .« not 


mpar itively 


w cents more or less they pay 
affect 


‘ onsiderable 


i te “w 
ndividually to any 
Only occasionally, such as wher 

vernment 
price up 
considerable 


buys up potatoes t 


and then wastes them 
number of the 


pt ople protest 


all kinds 
place the 


ss, being made up of 


from those who 


interests af large 


those 


groups of 
constituents first to who are 


j 


interested in what is good 


marily 


he country or even the 


usually 


ground 


world, a 
whole 


ddle 


winds up bs adopting 


recent years there has been 


United 


there 


tendeney in the States to 
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break away from a local pr ity © + econ i e le ijor trends must be halted, he be 
nationalistic economy to the v that h June nt i jest De eves the rapid rise in government 
what is best for the country as a whole ” ha used i t t x\penditures the rapid spread of gov 
should be adopted. Further, that what Dr. Slichter poi ' f , rnment intervention in business, and 
is best for the world as a whole may economic problems tothe intr drop in the inflnence of business 
well be best for the United State This must face is n lecad j ' ommunity 


on the theory that peace generall the cold war 


are igadinst removal « 
regarded is a sine qua non tor the hay « handled ty t porta . barriet p favor inereasing them 
piness of the country, is best assured economic avor artificial prices to sup 
domestic industries, will find Little 

| the Slichter article. For in 

the leading spokesmen for th point demand and supply i e eg t Substantial incr 


reases in im 


by freedom of trade and higher stand he save 


irds of living in all countri One of farm 
of view is Sumner H. Slichter, Harvard condition n our fe rile hire Der of oil, iron ore, copper, lumber 

foodstuffs would be in. the 
interest.” “I do n that 





these regulations o le govern 
Cash Primes Oil Wells a ie ke ite. eosee 


pletely bad ind other suc is the 








of prices of farm products, are 
designed.” “The discussion of 
problems has indicated 
igain the importance ot two 
increases in production 


ise in imports 


Embarrassment of Riches 


ler @& greater amount of interest 
has been going on in the 

the AIME which inspires writ 
offer summaries of it for publica 
the various Division papers and 
committees have been much 

in soliciting such material 

the Institute has been em 


a superfluity of riches it 


form of good technical papers but 


inately not also in the form of 
Last vear 475 technical papers 
submiutte | tor Ty msactions publi 
compared with 350 in 1948 and 


of 304 in the prece ling five 


any me apers are ava | 


d | ‘ publication in the last half of 


on . . shed with the 
lexas oil producer, Clyde H. Alexander. : , 
triction in the 


“All the oil in Texas,” says gineers, and others i in it wits - on the total 


oil producer Clyde H. Alexander Petroleum Dey here 


= 4 ’ l le AS » k T f ) ‘ t i 
can't run your car un Acom the kind of fellov \ f boas — Auxiliary publication 
pany can get the cash needed to into the oil and te 

et 
drill wells men with practica 


“That's why oilm ‘ rience ind when you d with . ly tn ( 


ceptances 


rrade 
along so close with bankers their bank you ge m condensation of pape 


it takes a million or mors : Tree ; , se Institute headquarters 


oil out of the ground, it’s | Yes, sir I more t e é 3 7 
get financing except t rus than just finding y 
large bank with a k finally 

Of course, borrowing f 3 chance 


is no problem if your cre¢ gre the mone 


presel 


Bankers like to lend i ‘ he ger ' ITpos ] yy 
t cation. Most 


business 
programs 


Inst ile 


Incidentally, most | 
surprised to find oil experts work 


ing for a big New York bank. But NATIONAL BANK 
Chase National has geologists, en 


| 
{ publica 
practically 


' 
hlication onl 
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A BRIEF EXAMINATION OF THE MEN NOMINATED 
TO CONDUCT INSTITUTE AFFAIRS IN 1951 


O. B. J. Fraser, Chairman of the Nomi 
dent, and Directors for 1951. As provided it 
transmit to the Secretary's office prior to S 

In such instance, a letter ballot will be fo 
both the official ballot and any supplementa: 
ballot will be printed, and nominees on the 


tors or the executive committee in November 


For President 

Willis McGerald Peirce, member of thy 
1927. is Assistant to the General Manager 
Department of the New Jersev Zine Co ut P 
He has been with the company since 1920 w 
his M.S. degree from Yale. His B.S. was eart 
versity of Illinois. He is well known for his 

for the research organization he has built 
Chairman of the Institute of Metals Divisior 
lecturer in 1944, served as Director of the AIMI 
to 1943, and from 1949 to date. and as Vice-P 
1940 te 1943 


For Vice-President 

Joseph Lincoln Gillson became an AIM! 
1923 when he was an Instructor in Mineralag 
phy at MIT. He had received his B.S. and M.A 
Northwestern University and his MLS. from MUI 
1928. he was an Associate Professor The f 
returned to Northwestern as Associate Profes 
Geology. In 1930 he joined FE. lL. du Pont de N 
Wilmington, Del. Gillson was Chairman 
Minerals Division, AIME n 1947, and wa 

man of the AIME Committee on Democratiz 


For Vice-President 

Michael L. Haider was chairman of the 
mittee of the AIME Petroleum Division for 
chairman of the Petroleum Division in 194 
numerous other committees good AIME \ 
timber. He is Vice-President and General M 
Production Dept. of the Imperial Oil Co.. Ltd 
there about four vears ago from the Standard © 
After graduation from Stanford in 1927 
Portland Cement Co. the Richheld Oj ¢ 

Oil Co 


For Director 


Thomas Gaunt Moore begin lis present 
The American Metal Co.. New York, in 193 
neer in the Mining De pt Following graduati 

n 1931, he became geologist in charge of the Vi 
of Cerro de Pasco. After three vears in Pet 
the Harvard Graduate School for his Ph.D 
warded in 1936. Moore has been active in Ne 


iffairs and was Section Chairman in 1948 
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for President, Vice-Presi 


members may sign and 


inada. and Mexico, tabulating 
re thus received, no letter 


eting of the board of direc 


For Director 
Charles E. Lawall, Assistant Vice-President of coal props 
tie ( peake & Ohio Railway, Huntington, W. Va. 
( f the Coal Division, AIME, in 1940 and, with 
ick to 1914, has been active in AIME 
contributor to technical literature, 
of West Virginia University if 
t- School of Mines. He had 
Testing Laboratories New 
o.. and Lehigh University 


For Director 
John F. Myers, ~ ¢ tendent of Concentration § tor the 
Copperbill, Tenn., is one of those who 
Minerals Beneficiation Division, 
1948, and was its first Chairman, 
Colorado School of Mine in 1918 
the Butte & Superior Copper Co He 
Cu 4 Tennessee for a vear and 
1] vears, joining Tennessee Copper 


! Milling 


For Director 
Fay W. Libbey, 


| e State of Oregon in Portland, made his 


Department of Geology and Min 


in 1906 as night foreman tor 
obalt, Ont. Two years later he 
Mines Co.. Wickenburg, Ariz 
assay office in Phoenix, and 
work, and consulting He 
1 in 1942 


For Director 
Albert C. Rubel, Vice P ft the Union Oil Co. of 


( i from the University of 
for Magna Copper for three 
Army in J917. After separation 
became geologist for the Com 
then the Richmond Levering 


a i geologist becomimeg 
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from Dunean 


Pockerr has been transferred 
Okla 


trict petroleum engineer for the 


Petroleum Co.. to Kermit 


was dis 
Mag 


Tex 


where he 


nolia 


nthe sane pac ity 


+ 


Hanotw EF. Parsons has tran 
Socony-Vacuun Colem 
the exploration staff 
Alberta. He continue 
in geological work 
liflerent than 


tion in 


ferred from 


Dian operation to 
in Calgary will 
though im a rather 


ty pe the jungle explora 


which he was for the most part 


Amer wa 


+ 


Nun. Ju. has become a 


engaged in South 


Lesuin G 
-ociated with the application 
the Central Research Lab., of 
Aniline & Film ¢ 
Pa He had been 
OW Co 


depart 
ment of 
General 


the orp., 


aston with the Car 


ler 
_ 

Wartace FE. Pravt rT is An 
thony F. Lucas medalist 
iwarded the Kemp Medal 
May 4 for 


geology 


1948, wa 
Columbia 
University 


ervice in 


High pressure or 


Giannini precision 


ow 


thot meets your 
ndication, recording or 
various types of res 
oviput vaives, Giannini 
stand extremes of acceleration 
ture, vibration, wh 
retaining their accuracy 
response characteristics 

ard with the Leaders.” Wr 


G. M. Giennini & Co, Inc, Pasadena | 
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there 
pressure transmitter 
requirements for remote 
control 

From less than | up to 10,000 psi 
stance and inductive 
precision pres 
sure transmitters are designed to with 
tempera 
e at the same time 
and their 
They are stand 
te for booklet 
Califorma 


a 
Hague 
to the 
troleum 
where he 


ment 


THom 
transtertr 
ciated 
Victoria 


NW 


STEVENS 


Holland 


heads 


ss ot 
ed by 
vl Co 


lex 


Wins 


ervolr enginee! 


Engineer 


ing. 


Frep M. Spr 


ly the 

mechanic 
training 
the mau 


irtment 


Donat 
at the 
Mining 
i ldre = 


sa 


with 


fost 
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program 
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Personals 








Technologs 


morary 


Mel andhl 


sughtlin 


hlin. On 
delivered 
it the 
received 


engineer 


+> 


H. Ss. Wiccin has 
e Mexicar 


Bureau of 


empl the 


of fielk 
lreichler 


School 


was conferred 


anothe 


taken 
erals 


Mexi ait t,o 


exercises of 


of Docto 
Pres 
President 


ommence 


Montana S« 


hone 


i ob wil 


where 


es in 


he degree of petroleum en 


during 


ssoctated 


ld oper ition- 


the 


the 


im Institute 





SEE formation changes 


ad you 





wire 


GEOLOGRAPH 


With Geolograph, \you 
actually watch the drill- 
ing change as the bit 
bites into contrasting 
strata— foot by foot! 
You'll find that this sub- 
surface control, while 
drilling, results in a higher 
percentage of successful 
drill stem tests; fewer and 
more correctly placed 
cores; accurate determi- 
nation of net pay thick- 
ness and elimination of 
many depth corrections! 


Houston, Odessa & Wichita Falls, Tex. - 
+ Shreveport & Beton Rouge, La 


Wyo 
field, Calif. 


TIME Witt 


P O Bee 129! 


TECHN 





SEBy) ve GEOLOGRAPH CO. ' 


Oklehame C 


Casper, 
* Boker- 





Employment Notices 


The Journan will of 
men and jobs available. Companies and 


AIME members are invited to use this 


post notices 


space, for which there is no charge 


Exee pt as noted below, address replies 
to Jour 
60) 


Show re 


Code (appropriate number), 
Petroceum TrcHNOLOGY, 
Bldg.. Dallas 1 
turn address on envelope 


will be 


lees are 


NAL Of} 
Continental 
These replies 
forwarded and 


unopened rhe 


involved 


Replies to the positions coded Y-3429 
Y -3059 Y-2415¢ should be 
addressed — to Engineering Societies 
Personnel Service. 8 West 40th St.. New 
York 18, N. ¥ The ESPS whose 
behalf these notices are published here 
collects i 


and below 


fee from applicants actually 


placed 
POSITIONS 
+ Project F ngineer 


petroleum 


30-40, experienced 
gas 
Must be able to assume supervision of 
for 


No recent graduate considered 


on and ‘or equipment 


ind responsibility entire section 


a> 


posi 


tion entails immediate responsibility 


Pennsylvania. Y-3429 
@ A principal New York City banking 


est 


Location 


ablishment is seeking a graduate in 


petrol 
geolog 
vears 


luati 


S position 


and Ww pract ‘ 


Thi 
l a 


experi ! 0 ind gas Trese 


oil ar erves 


property af praisals i> 


ive advantage of 


e field of 


ects of the 


financing and 
petrole 


stability 


lvancement 


wit! 


New 


Orlear 


t 


offers 


Proposed for Membership——_— 


Petroleum 


Total AIME memberships on Mar. 31 
16,397; in addition 
enrolled 


1950, was 
4,037 Student Associates were 


ADMISSIONS COMMITTEE 
Ee. ¢ 
ha: 

Lloyd ¢ 

aff 


Chairmon; A. J. Phillips 
John 1 
Plato 


Meagher Vice 

George B. Corless 
Gibson, R D. Mollison 
Given 


man Sherman 
Malozrem 


Ivan 


are urged to review this list 
18 soon as the issue is received and immediately 
the Secretary's office, night messoge 
objection is offered to the admission 
ant. Details of the objection should 
follow by The Institute desires to extend 
its privileges to every person to whom if can be 
ce but does not desire to admit persons 
unless they ore qualified 


Institute members 


to wire 
ollect, if 
of any appli 
oir mail 


of servi 
list C/S 
reinstatement; M 


AM, Associate Member 
Foreign Affiliate 


meons change of 
member; J, Junior 
S, Student Asso 


the 
status; R 
Member 
ste: F. Junior 


following 


CALIFORNIA 
Bakersfield Blar 


Pico Jot 


DISTRICT OF 


Washington ( 


andh ana 


COLUMBIA 
M 


KANSAS 


Independence 
Thom; 


Rei« 
Wellsville ¢ 
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July 


Branch 


LOUISIANA 


Charenton 

Jennings | 

Morgan City 
, 

New 

Ville 


Orleans 
Platte 


MISSISSIPPI 
Natche 


MONTANA 


Billings 
Harlem 


OKLAHOMA 
Oklahoma City 
Tulsa h 


PENNSY 


Shrevepor 
M 


LVANIA 


M 


FEXAS 
Austin 
Beaumont 
Dallas 
f H 


Houston 


Jacinto City 
Kamay M 
Sundow: 
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CL FUR and CARBON 


_ 


— 
PETROLEUM PRODUCT 


The sulfur content 
of oils, waxes and 
greases 1s an impor- 
tant measure of the 
value and quality 
of the product. 


Whether the de- 
sired sulfur content 
be high or low, it 
is necessary to 
know exactly what 
amount ts present, 


The combustion 
method offers a 
rapid and sure 
means of determin 
ing sulfur in the 
wide range of per- 
centages and ma- 
terials encountered 
in the oil and 
grease field 


The Dietert-Detroit Sulfur Determinator 
embodies the correct principles of the 
combustion method in a simple, rugged 
and convenient form. Complete analysis 
can be made in less than five minutes, 


Carbon determinations on organic com- 
pounds are being 
made in as little as 
two minutes with the 
Dietert-Detroit No, 
3003 Carbon Determi- 
nator 


This method can be 
applied to any petro- 
leum product. One 
example of the use- 
fulness of this method 
is the analysis of 
cracking catalyst for 
carbon content 


Leading oil com- 
panies* are taking 
advantage of these 
versatile, time-saving 
determinators. Write 
to Dept. P-4 for de 
tailed information on 
how you can apply 

rapid carbon and sulfur analysis to your 

problems 


\ THE SHELL OIL COMPANY 


* Two typical wsers— | THE PURE OIL COMPANY 


CONTROL EQUIPMENT 


9330 ROSELAWN DETROIT 4, MICH. 
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Book Keucews 


PHYSICAL PRINCIPLES OF al equations f 
OW PRODUCTION flow systems and 


well performance require 


By Morris Muskat. McGraw-Hill Bool eatin, waiten anal 
Co... New York, Toronto, London, 1949 . 


ebapters on thi 


ibiect. ® ® ® 


o heterogeneo inating s 


veloped. These chap , eparat 

tables, 914 x 614 in., cloth, $15.00 1 the ra roe my DATA BOOK ON HYDRO. 
of th wiry sah CARBONS APPLICATION 

Reviewed by R. C. Craze, Humble : ro PROCESS ENGINEERING 


. to the perfor 
Oil and Refining Co nN m 
ie 


922 pp., illus., diagrs., charts, maps 


subject o ( 
The science of oil-reservoir ¢ chanics and cl 


ing, developed during the past 20 years mechanisms 


has been built on the research of many ¥ 
‘ with the mater 
Revie wed by Carl S Kuhn. Ir 


workers who studied the fundamental it ' | 
8 pplicatior 
et al. Magnolia Petroleum Co 


nature of oil reservoirs, characteristic The hehavior 
of the porous media, properties and be drive reservoir 
havier of the contained fluid ind the more detail 
mechanics of flow. In his introduction 

to Physical Principles ot O Produc Here are 
tion Muskat points out that “the ulti principles 


behavior of 


mate goal underlying the development 
of the science of reservoir engineering ations and 
is the attainment of a maximum efh fundamentals 
ciency in the exploitation of oil-bearing to delineate 
reservoirs tention of thes 
fterpretation 
Applic ation of the knowledge rT carried inte 
quired during this evolutionary process tiome water 
to production practice has resulted in The reece 
greater oil recoveries and more efhcient densate 
held operation. The ultimate goal still tions are 
offers a challenge and the horizon , po 


further investigation are breac ing and 
This hook has as its “ interferen 

factor 

\Througho 


formulation and correlation 
dav information concerning 
the ' n it latter 


principles underlying re 


oil production. It approache periormat 
ject through detailed analyse 
concepts which form the foundation for materi 

the interpretation of actual oil field cal. exper 
performance Theoretical background pects 

results of laboratory investigat 

field studies have been inte 

i unihed whole The treatme 

ubject combines — the tuther 

onal interpretation and knowles 

ibundant relerence 

work ft many inve igato | t » commethubtes 
ment enhances the performance 


ax one of the few hooks ‘ 
ftundamenta 


the industry ich coml 
vestig 


volume a thorough coverage 
ect and its literature 

The subject s develope 
ind orderly fashion The 
chapters treat first the phy 
erties and behavior of petro 
the properties « 


ind secondly 
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Two new books ata 
special price to AIME members 
PHYSICAL PRINCIPLES OF OIL PRODUCTION tia 


By Morris Muskat 
Director of Physics D (gulf Res reh and Deve 


| eres the kev to 
tuthoritative expiar 
engineeru ind their application 


presents the fund 


wee 
production mechanisms 
drainage sVstems= It 

sate reservoirs, and the reco 


th gas and water injectior 


ivertisement 





{ few of the many topics explained in this book 


inisotropic formations @ calculation of reco 
bottom-water drives @ condensate reservo 


bulk-volume determinations + 


NATURAL GAS AND NATURAL GASOLINE 


B t. L.. HUNTINGTON 


Professor of Chen neeru | ve t { Oklahoma 


Latest methods in the production and transportation of 


natural gas and natural gasoline 


| | h ‘ of natural gas from 
ke t ' os fee ind the manufacture of 
{ t t i ecovery of natural gaso 


essed, and the designs 


veteme« ire 


! onden 
ndustry This boo 


oy for June, 1950 


As a special serviee to AIME 
members only. the Petroleum 
Branch of AIME offers each of 
these books at a special dis 
count rate. NATURAL GAS 
IVD GASOLINE, which the 
publisher sells for $8.00, can 
be ordered through this maga 
zine for $6.50. PHYSICAI 
PRINCIPLES OF OIL PRO 
DUCTION, normally $15.00, can 
be ordered for $12.00 


SSSSSS ss srsessssssssanesssssesssssssssssageqsessseasesa: 


Pet F nch, AIME 
tal Build 


O° 


v0 


ples of Oi! Production 


ind Natural Gasoline 


Send your order only to Petro 
leum Branch of AIME in Dal 
las. Order must be accompanied 
by check and a signed copy of 
the coupon on this page 


> 
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Aduertisers Index 


Allen B. DuMont Laboratories, 


Inc 


Austin C. Lescarboure, Croton-on- Hudson, N.Y 


Baker Oil Tools, Inc 
Theo. M. Martin Co., San Gabriel, Calif 


Baroid Sales Division, National Lead Co. 
Darwin H. Clark Co., Los Angeles, Calif 


Chase National Bank 


Hewitt, Ogilvy, Benson ond Mather, Inc 


Core Laboratories, Inc. 
Duvall Willioms, Dallas, Tex 
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